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ABSTRACT

Werk done in this report coverz the preparation and evaluation of
eleven alloy deposits., Methods and solutions used for the preparation
of both co-deposits and diffused coatings are listed. Results of "Wet-
Dry" exposure tests, x-r .y diffractiorn, potential - time data of various
coatings have been tabulated, A graphicul system for the tetter irterpre-
tation and rating of the "et-Dry" test was de. _>ped, Margarese-zine
alloy diffusior type coatirgs of 50% mangareae and 5C% zirc compositien
exhibited the mcst promisirg corrosion protsciion prop-rties of the
various coatirgs investigated. Seventy-%iwo nanels were prenared and
are being tested in outdoor exposure in northern Florida in order to
evaluate the corrosion protection afforded¢ by mangurese urd margarese-
zinc coatings as compared to zinc, zirc chromated, and cadmium coatirgs.
It is belleved th.t a co-deposited zinc-s’lver coeting o 25% silver
merits further irvestigation, Also further studies o corrosion pro-
ducts should yleld information enablirg the desigr of an alloy coating
of maximum protectior.
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OBJECTIVES Fui Thi rROJECT

The ultinate objective is to develop electrodeposited coatings
which will -rovide vetter protactior for aircraft steel parts than dees z.nc
or cadmium piate, particularly in tropical regions,

Twa years have besn spent in partial attainment of thia
objective, and tne resulis have been reported, (Se-e;%mal Report,
dated November 30, 37L7, and Final Report, dated June 28, 19L$),

Under the present contract, the cbjactives were:

(1) Continuation of work on zinc-silver, zinc-lead, and zincw

tin alloy platings.

(2) Msssurement of electrode potentials of mnganuo—tin;
manganese-zinc, and mangenese-copper alloys in 3% sodium
chloride solution, distilled water, and COp~saturated
water, This assused that the alloys would be slectro-
aeposited, Any of the alloys showing favarable potentials
were to bs exposed in the “"wet-dry® cabinet, (The
manganese-nickel system is also included here, inscfar ss
the plating investijation is concerned, Potential
measurenants on cast :.anganese-nickel alioys had been
completed, }

(3) Investigation of methods for obtaining zood sdhesion of

T aluminus deposits on steel, using aluminum-plating
methods :\;uhich had alresdy been devsloped,

(L) Investigation of methods for depositing zinc-chromium,
cadnium~chromium, and cadmium-man;anese allcys., Those
which could be deposited and show favorable potentials were
to be exposed in the "wet—dry" test,

(%) Wutdoor exposure ol 8iioy cusiligs which show L ood crosiom
resistance in tne prelimirsry tests, Tais was to be dcne at
the Battells rorth Florida Research ixposure Station, if,

and as, time permitted during the contract period,



(6) Investigation of other pure mctals or alloys showing
promise as substitutes for zine and cac;imi;m. Ther only
metal in this catagory is moiybdenum. Its poﬁghti;1
is such that it would have to te alloyed with zinc,

cadmium, or manganese.

INTRCDUCTI(N

The expe\{_imental approach usad in attaining the foregdiﬁé
objectives was somewhat different than visualized for the project at
the start, ' ’

After a time it became apparent that codeposition studies were
cons'uming too much time in propertion to the benefite deriva;,and that
preparation of alloy coatings on steel would probably be expedited by
using diffusion methods, For this reascn,much of the effort was cente@)d
on cbtaining alloy coatings by diffusion heat treatments of alternste’
layers of pure-metai plates,

Less emphasis was placed on potential ;meaaurmts.-" Where the
coatings were readily prepared, it was thought better to test them
immediately 1n the "wet-dfy" ecabinet, Pote;xtial and current-density
measurements ';vere used extensively during tne first and aecox;d years
of work and were useful in separating good prospects fram the poor ones,
It will be recallad, however, that in the early\fork, cast alloy
specimens, rather than coatings, were used, h o

iiathods for depositing aluminum from nonaqueous orgsnic

solutions were developed here on a projact sponscored by the Navy, A

AFTR 5692 Suppl 2 2
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study of methods for improving the adhesion of aluminum to steel was
planneds This stﬁdy was contingent upon the Navy'a'cnntinuing the project,
but the prcject was closed, The amount of effort for continuing the
work under this project would “ave been greater than that allotted in
view of the other lines of investigation that had to be carried orne
For this reasén,the investigation of aluminum plate adherence was not
begun,

This report is a Final Report in the sense.that it represents

the combletion of a phase of an overall investigation, The work to b

accomplisned durinz this prhase was set forth in the contract whicl.

authorized this project. Recently a supplemental contract has been
entered into,which authorizes outdoor testing of protective coatings

described later in this report, and aeﬁ}pygstisation of methods for

= Setme

electrodeposition of certain binary mEnganeaeQallows.

AN

RESULTS ACCOMPLISHED o N

. e m s e -

An alloy coating cont;ining 50% m;nganese and 50% zine
promise as a protective material for steel®, This alloy is superisr
to pure zinc-agra protective coating when exposed in the "wet-dry" {\
cabinet*¥, Th; coating was prepared by heat treating a duplex coating
of manganese and zinc Qlectroplatea 50 as to cause interdiffusion, The
alloy has an deantage"over pure manganese in that the corrosion products

appear to be less bulky and are more adherent,

* .
Most plated sanels discus

S TN v

plating,as shovm in Appendix I.

e
See Appendix I for description,

AN



manganese and tin were codeposited from a tartrate-oxalate bath,
but the reproducibiiity in plate composition was poor, The study of
manganese~tin alloys éontaining LOE to .60% mangana#e was continued with
diffusion coatings. Thsse alioys showed better inherent corrosion
resistance than pﬁre manganese, since the characteristic brown corrosion
products developed more slowly on the alloy, Pure manganese gave a higher
reg of sagriflicial protection,

A peculiar phenomenon was observed with theamanganesg-tin
diffusion alloys, After standing at room temperature for five or mofei
days, a gray powder formed on the surface., X-ray diffraction tests
showed that the powder was tin, but not gray tin, No explanation was
found for this apparent "disintegration" of the diffusion alloy,

Attempts were made to prepare a sound codeposit of zing and
silver, first using an jodide solution, and second using a ihiosulfate
solution, Both zinc and silver were found in the deposit which was
powdery and nonadherent,

Zinc-gilver alloy coatings prepared by diffusion showed
extremely poor resistance in the "wet-dry" test. This is thought
to be due to a small amount of free silver in the coating. It is
believed that, if the coating can be prepared so as to eliminate
the free silver, a resistant coating will result in accordance ﬁith
expectations from the potential measurements and weight-loss measureéents
on cast zinc-silver alloys. N
Codeposits of manganese aﬁd nickel wera obtained from soclullons

containing amaionium salts., The manganese content was very low, however,

FPTR 5690 Suppl © b



Same evidence of diffusion was found after heat treating manganese
and nickel duplex plates. After a twenty-one-hour heat treatment, the
identification of pure nickel and pure manganese was questionable and a
strong pattern of iron and an unknown phase * ., found,

Slizht evidence of tne interdiffusion of zin¢ ard chromium
electroplates was fcund. The only X-ray data available were obtained
here from some low-chromium castings., The lack of cémplete X-ray
data was a handieap,

No interdiffusion was detected of cadmium and chramium or of
manganese and cadmium ekectroplates,

No work was done on manganese-copper alloys, because it had
been mutually agreed to defer this until the Navy tests on the same
subject were complete, B N

Work supported at Battelle by the Tin Research Institute, Inc,,
overcame previous difficulties with zinc-tin alley plating, Revised
directions for using the 2inc-tin bath are given in Appendix I,

Experiments on the codeposition of zine and lead resulted in noni-

- adherent, coarsely crystalline deposits containing mostly lead,

Zinc-nickel-ccated ("corronized”) k130 steel panels were exposerl
in the "wet—dry" test, in which they rusted fairly rapidly. As the-' ’
nickel content increased from 25% to 50%, the advance of rusting becane
slower,

Cadmium-tin diffusion coatings, and also cadmium-tin codeposited
coatings (both types containing about 50% cadmium) were exposed in the
"wet-dry" cabinet. These coatings are comparable to pure cadmium coatings,

with the codeposited alloy being somewhat better,

AFTR 5792 Suppl o 5



Cadmium-silver codeposited coatings rusted earliy in the "wet-
dry" test, but suhsequeﬂt rusting progressed slowlys This alloy was
sligh*ly inferior ‘o pure cadmium in the "wet-dry" test, .leight-loss
measurements on cast cadmium—sllver specimens ,after exposure in the
"wet--dry" test,showed the alloy to have about thec same resistance as pure

cadm um,

Althouch one of the re
it give sacrificial protection, some thought was given to the non- .
sacrificial type of coating. An iron~chrorium alloy containing 6% iron
has been developed here (under a separate government sponsorship).

The alloy plate does not have the usual cracks associated with chromium
depositse é;csuse the coating couid conceivably give envelope~type ’
protection, it was tested in the "wet-dry" cabinet, The iron-chromium
alloy, however, was no better than the chromium-plated panels which were
exposed at the aame\tims.

 The effect of light nitriding of the steel surface prior to
pure zinc plating was studied, The nitrided panels showed no significaniz‘
improvement over the unnitrided panels,

A proposed graphical system for rating coatings after exposure
in the "wet~dry" test is described. The method involves a graphical
integration of time and extent of corrosion, It represents a first
attempt to obtain a single number which describes t.e relative corrosion
resistance,

The manganese-zinc corrosion pro&ucts were studied by means of
X-ray diffraction, Only manganese oxides viere detecteds The type of

oxjde appears to be related to the compositio. of the alloye.

AFTR 5692 Guppl 2 6



Seventy-two coated 4130 steel panels, for outdoor exposure at
the Battelle Nortih Florida Research Statioﬁ, were prepared, Pure
manginese, mangansse-zine, and zine~tin coatings will be tested iﬁ
comparison with pure zinc, zine plus chi‘omat.e, and pure cadmium,’u "Three
thicknesses, 0ol mil, 0.3 mil, and 0.5 mil, were prepared for each

tyre £ coating.

DISCUSSION CF ESSENTIAL DATA

Zinc-Silver Alloy Coatings

Introduction

Measurement of dynamic potentials and corrosion-current density
of cast alloys previously had shown that a zinc-silver alloy con-
taining 25% silver held promise for improved carrosion resistance

in comparison with gq.rez:l.nc. {See Final Repart, dated June 28, 1949,)

o This was furtner subatantTated by weight-loss measurements on cast alloy
specimens exposed in the "wet-dry" cabinet, The 25% silver alloy lost

less weight in the test than either zinc or cadmiun, (See Final Report,
dated June 28, 1949,) Experiments were then started on the preparation -

of alloy coatings by electrodepcsition,

Experiments on the Codeposition of Zinc and Silver

These experiments were started during the second year of work

oy AL ¥ P 1 Eow e 1 A - - 1w AL mnm —— - | o arn et
Vil UIlLlD pPiI'w JovLe AULCULULIIE VO CalilLulawlyl -1~ ERY - Y e

~

June 23, 1949), the deposition potentials of zinc and silver could ve

brought closer together by complexing the silver as a complex iodide,

AFTH 3692 ouo-ni 2 7



This would reduce the giiver inn concentration, making ils deposition
poluntial more nesprtive®, By using a high concentration of zinc
iod;de (which dogs not form a complex in iodide solutions),the zinc
deposition potential would become somewhat more positives

Potential measurements in solutions containing the single ions,

zine or silver, demonstrated that such a change took places =z=ven with

(]

the small amount o due Vo pOS5aEe vwi cwTenty ihe
deposition potentials were not clese enough so that codeposition could
Le predicted,

titen the icns were present in the same solution, codeposition
did occur, pessibly indicating incfé;sed polarization of the silver,
The codeposition experimehis are described in Table 20, Appendix I.

in ;eneral,the'codeposits from the iodide solutions were
characterized by a rough and powdery surface, The deposits were not
rough from the very beginning, A thin flash-plate was obtained before
the roughness would begin, Raub and ..ulhorst* ,using a eyanide
soluticn, and ood and Saunders®™*,using a eyanide-hydrazide solution,
also were able tc get only flash plates,follared by increasing roughness,

A number of additional agents were tried without improving the

deposit, (See Table 20, Appendix I.)

*
The convention as to the sign of the potential is the one adopted by
the Electrochemical Society, where the active end of the electronaotive-

fcrce series is negative,
**Metallforsohing 2, 33 (1%u7),

R
"A Study of Silver-Zinc Coatings for Steel rlatware", Report Lo war
Letallurgy Board, lLarch 1, iJil.



The first experiments were run at '85°F, Increasing the
temperature to 177°F, caused the deposit to become worse, Lowéring
the temperature to LO°F, seemed to improve the deposits, but they
still were not acceptable as coatings,

The plate composition is quite sensitive to current density,
Figure 1 éhcws this relationship.,

The powdery depcsits were at first Egiieved due to a silver i
imaersion plate w;;ch formed aftes tie init;al deposit of alloy, The
alloy, being more active than salver, displaces silver from the
solution, This view has been discarded and for reasons.discussed
later in this section,

Because of the thought that immersion plating was responsible
for the poor deposits, new complexing agents were soughte

| The first of these was the silver ecthylene thiourea complex,
The complex is easily formed froﬁ athylene thiourea“and silver nitrate,
It is éoluble in water and silver deposits“were oLtained at 15 amps,./sq.ft.
and 80fF, Stailicepotential measurements in tnis solution resulted in
value; about 200 millivolts more electropositive than those in iodide
solutions, This indicated that the silver was not complexed enocugh to
obtain tﬁe desired shift in depogition potential,

Pyridine showed insufficient power as a complexing agent, Silver
in pyridine was oxidized to a divalent form by persulfate, bui thie
complex was also weak, the silver being displaced easily.

During an invastigation for another sponsor, it was found that,

if a solutiocn of silver nitrate in dry acetonitrile was treated wiih

dry ammenia gas, a precipitate formed which was presumably a silver

fFTHOSAO0 G 1D a



NOILNTOS 301001 3HL WONS SL1ISOJ3A-HIANS-INIZ 40

LN3IINOD H3AMS NO ALISNIQ LN3¥NND 40 123443 | 38N91 4
'L4'0S/ SAANY 4 1ISN3IQ LNINY¥ND
QL 09 0s O¢v 192 oe or
T |
_ |
P | N\
o
o
" -
,V
_
n | .

01

0¢

Ot

Ov

| 06

LHOI1I3M A8 IN3D H3d ‘INILNOD H3IATIS

-jl..\ppl pd

RSk
Sor
R



complex, The so%ution was then saturated with respect to this silver
(s

complex, <inc dld not displace silver fron such a solution as long as

no water was xresent. A deposit of blacx celloidal silver was obtained

on passace of a curfent. This solution did rot apoéar to hold practical

possibilities and une investigation was dircon;;nued.

Static-potential measurem;;ts on thP silver thlosultate complex
indicated it to be only slightly less favcrable than the 1odiuq compl@x,
being 20(millivo4ts less negative, ¥ith a current of one amp.)sq.ft.,
silver sulfide was produced at the cathode and the cathode-potential
value changed framVQOthh volt& to -1.10 volts, fhis large change in
potential resulted from the great reduction of silver ions adjacent to
the cathode when the silver precipitated as AgsS (th(/hqpilihrium
constant for AgyS is 1,0 x 10-51), A study of tue l;ierature revealed
that if certain precautions were taken tae precipitation could be avoideg.
Hiclkman*,et al,,defined the ecunditions,

Hickman recommended that the solution be acidisc, that sulfite
and gelation be present, and that rapid agitation be used, The directions

(@)

were followed in solutions containing both zinc and silver, Spongy

¥

nonadnerent deposits containing both silver and zinc resulted, Sulfur
was also found in the deposit, although less of it deposits if gelatin
is present,

During these experiments, silver was casily displaced by a
more active metal,such as zine,from a thiosulfate complex, but if zinc
is present no displacement occurred. un electrolyzing the solution,

an unsatisfactory deposit resulted, This cast doubt on the earlier

*Ind, Enge Chem,, 25, 202 (1933),

AFTH 5497 Suppl 2 1



observation that the poor zinc-silver’ deposits were probably cauéqﬁ by =

a simultaneous imnersion dsposit. =nnother factor which made the \hJﬂﬁ'\“ﬁ
lmmersion theory untenable ic that increasing the current density aid
not improve the depositse N

Because of time limitations and the deairability of producing a
satisfactory cine-silver alloy coating within the contract period, the

: : W
pedeposition work was discontinued in favor of preparation by diffusion.\ﬁ

757
¥ =

s decision applisd nob wily Lo the pinc=silver alloys, but wherever

this method of preparation was practicable and could save time in

r

studying otaer alloy coatings. .

Experiments on Zinc-Silver Alloy Coatings by Diffusion N

In general, the preparation of alloy coatings by d%ftusion
conais;qd‘of plating Metal A on the steel panels,_PlatinE‘ibtal B over
netal A;kihus forming a duplex ;late, and then heating them to a suffi-

- cently high temperature taat interdiffusion occurred. The alloy
composition was controlled by the relative amounts of A and B which were
deposited, The heat treating can be done in an inert-gas atmosphere,
in air, or in an oil bath, The choice depended on the temperatuféland
the chemical properties of the metals,

The initial experimenfs with duplex plates of zine and silver
disclosed that interdiffusion of zinc aid silver téok place at 700°F.,
$in a pu{ified—nitrogan avmosphere to prevent‘axidation. The extent of
diffusion was determined, in these early experiments, by microexamination,

Subsequent use of X-ray diffraction for examination of the diffusion



specimens expedited the work,because relatively thin ccatings could be
usad (0,3 mil,as compared with 2 to 4 mils for microexamination), and
the specimsus required uo specidal preparation, such as was necessary
for microcxaminstion, Experiments with duplax plates with a total
thicknoss of 0,32 mil demonsiratsd that diffusion could be brought
about in one hour at S00°F, |

At f£iret it apnasred bast. in prepering the duplex deposits, to
plate the silve. direc;ly on the stteel and then zinc plate, Silver
does not diffuse into steel at temperatures (5C0°F,.-800°F,) which cause
interdiffusion of zinc and silver. There was a possibility that zinc
would, if deposited first, diffuse into the steel, Thus, a zinc-~silver
alluy coating 1low in zinc would result, If sufficient 2inc was
“robbed® by the stesl, the coating might not provide sacrificial
protection for the steel,

However, when silver was plated directly on égé steel (using
a single strike solution and a regular plating bath, but no special pre-
treatment), it blistered during heat treatment, Therefore, duplex
coatings were mprepared with the 2inc next to the st.eai. The total
thickness wa; 0,0003 inch {the thickness previously chosen as standard
for the "wet-dry® exposure test), and the respective weights were such
as to gifé a rssuitant aiicy of 25% silver content, The coatings were
heat treated in a purified.nitrogen atmosphere for one hour at 500°T,
Observation of the coatings, following heat treatment, showed them to
have chanred in color from silvery white to a blue gray, This alone .
was indicative of diffusion having taken place, The coating was

wrinkled along the edges of the specimens but no breaks were apparent,

YHON Sunpl 2
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A=ray diffraetkgp?measurements showed tihe desired epsiloﬁ phase
(see constitution diagram,1;§41155, American Society for uetals Handbook,
1943) to be present and also a small amount';f free silver (estimated to
be, at most, a few per éent), |

The sta@ic potential of one of the specimens was measured in
three per cent sodium chloride scolution, The values are given in Table 1,

The results show that diffusion tank nlare, If Qiffueion had nct takon

place or had been iﬁcomplete, the potentials would have been more

electropositives .«

The value<for 60 minutes is some hyndred millivoits more

negative than that for: the cast alloys of the same coamposition. (See

Final Report dated Novembef 30, 1947, p.>b5;) At 120 mindtes and beyond,

the potentinl is equal-to that of the cast alloy,

After 330 minutes ir the salt solution, the panel ahowed only -

a trace or corrosion products, The coating flaked at the edges, and
beneath it was‘pbserved a thin ailver-like layer so that the steel was
not exposed, This may be a silver or silver-rich layer, but ‘the reason
for its being found on the steel is unknown, X-ray diffraction measure-
ments detected a small amount of zihc-iron alloy in one of the specimens
where the zinc was plated first. This was undesirable for reasons
stated above.

The remaining alternative was to plate the silver on the steel
first, so the problem of producing adherent silver deposits directly on
SeA.Es L130 steel was taken up o~te more, Success came easilys Ue Se
Patent 2,431,947 described an anodic treatment in phospnoric acid solu-

tion which purportedly caused a strong bond to be formed between the

.'",F’-L‘H‘S()(}.'? nuppl 2 14
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TABLE 1, POTENTIAL-TIME DATA FCR ZINC-SILVER

DIFFUSION ALLOY (Mo. L557-S64),
CUNTAINING &5 PrR CeiT SILVER, IN

THREE PER CENT SODIUM CHLORIDE SOLUTION
AT 90°*F,, SATURATED-CALGHEL SCALE. VALUES

IN VOLTS.
Elapsed ] ( Elapsed
Tine | Time R
(Mins,) Potential S {xdns, ) Potential
P ~L.022 120 0911 °
10 ~1.03 150 YT
20 ~1.027 180 —0,922
30 ~1,030 210 -0,919
4o ~1,030 300 -0,912
50 ~1.031 330 -0,913
60 2,030

AFTit 4592 Suppy O 1
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steel and silvar. A trial of the uethod showed the claims.to be valid,.
The ancdic treatuent ctched the steel uniformly, leaving a carbon smut

on tha surface, which was easily removed Ly brushing in a stream of

k>
iy
[ ]
3]
c*
tl.

tap water, The adherence of;the silver was tested ng the specimens
at 500°F, for an hour, No ssparation of the silver from the steel
occurred, Previously, alectropolishing had been tried as a pretreatment,
but tne silver did not adhere.. Apparently, a satisfactory nechgnical
hond ie formed with the viched suriace, Detalls___v/of the anodic treatment
are given in Appendix I,

A series of panels was prepa;'ed with a 0,0003-inch-thick zi»@-
silver diff.sion alley containing approximately 25§ silver, Details
of the electrodeposition are given in the experimental section and in

RN

Appendik I, . _ b
The X-ray results and the heat-treating data are given in
Table 2, Chafacteristic photograms for_ asgh type of coeting are shown
in Figure 8%, Appendix II. Specimens 63A, 05A, and 72A showsd the
epsilon phase and silver to be gresent as ziven in photogram type 3,
Figure £, Free silver was estimated as being present to the extent of
2 to 3%, The necessary da-rta for phase identification have been worked
out by Owen and Pickup®*, The epsilon phase has a uggnagonal close~-
packed structure with a range in ag from 2,81 to 2.82\5,#agd Co Varies
from Le35 to ko7 A as the silver conient varies from 20 to L6 weight
per cents The cell dimensj\ans of the compound identified in these
three specimens correspond to an alloy containing between 20 and 30%
silver, )
#rne relative intensities in Figure 8 are estimated relative intensities
for each photogram (with an exception), but can not be carried from one
to another, The exception is the photogram for the zinc-silver epsilon

phase, Here the relative intensities are represented as all being equal,
tecanuse no intensity data were avajlable,

*Broc. Hoye 30Cey A4 140, 34l (1933).
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Specimen 654, which was heated in mineral oil at LOO'F, for 2
hours, showed some free zinc at one location on ths sample (see photogram

trpe A, Figure 8, Aprendix II)e No explanation is known for the fact that

65A had free zinc in one nlace and not another, The presence of an

extra line at 2.27% might be attributed to the existence in this sample
of a ranga of composition §rn epsilon phase., Speecimen 73A, which was
heated at 250°F. in oil for six hmi;_fi's, also had some free zinc (see
photogram Gpé A, Figure 8, Appendix\II). These temperatures are
probably too low, No experiments were conducted at higher tenperatm;\_sa
in- o1l because the mineral oil had a flash point of LUOF.

During the time that these experimentas were buing carried on, a

separate investigation was made to establish beyond doubt whether zinc

% and iron do interdiffuse at S00°F, 1Wo SeAsE, L4130 steel panels were

plated with 0,0003 inch of zinc, These were heated at SO00°F, for ‘ne
hour in a purified-nitrogen™atmosphere. It was necessary to dissolve
some of the coating off because the zinc pattern mizht have overshadowed
the sinc-iron alloy lines, if any, No evidence of the interdiffusion of
zine and iron was found, Zinc was plated first in some of the Subsequent
tests, whereas silver was plated first in others,
diffusion was effected at 500°F, for one hour in a purified-nitrogen
atmospheres k |

The first signs of rust wsre observed on the zinc-silver coatings
after four cycles in the "wet—dry" cabinet. The advance of rusting was

very rapide Two specimens which had been plated first with zinc were

AFTH 5402 apnl 2 18



heat treated in the same way and exposad in t..e "wel-dry" cabinet, These
failed about as rapidly as the first groups, These results are tabulated
in Table 25, Appendix I,

The rapid deterioration of the diffusion-formed, zinc-silver-
alloy coatings was unexpected, in view of the insignificant weight
lossas ineurtro'd by the cast apecimens containing 25 per cent silver. (See
Final Report. dated June 28, 1949.) \hat, if any, w2s the difference in
the two alloys?

Two of the cast specimens from the early vwork were X-rayed, rure
epsilon phase (AanB) was found with no trace of free silver. A small
amount {3 to S per cent) of free silver was always found in the diffusion
coatings that failec_!. Thus, with free silver, the potential relation-

ships are favarable for rapid corrosion, "The AgZny hnés“ a potentisl |
about equal to that of zinc, while the potential for silver is more
noble by over a volt, The results of the X-ray diffraction studies are
given in Table 3, and typical photograms are given in Figure 9, Appendix
II. hen 3-1/2 hours of additional heat treatment was given to Speoimen
- 14S57=72A, the identifiecation of the free silver was quegt;ole}o.
Specimen L4557-98A, which was heated for eight hours at the same 500°F,
i&peratura, falled to show any free silver, (Standard Aginj photograa,
Figure 9,) The high-purity niirogen that was used as an atmoephers
during the heat treating contained small amounts of oxygen, which account
for the presence of zinc oxide (Standard Zn0 photozram, Figure 9,
Appendix II).
In accomplishing the apparent solution of the silver, an un-
desirable ccndition was created., The coatings flaked from Specimens

L557-984 and L557-98B5, the latter being the more serious, A loose

AFTR 5692 Tapni P i9
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flake from -98A had a small amcunt of firee zinc, Free zinc probably
would not be harmful, because the Ag2n3 hags about the same potential
as pure z1.'C,

Successive abrasions of Specimen L557-98A showed that the AgZn,
existed throughcut the entire tnig'kness of the coziing, A private
communicaticn, received from the Standard 5tesl Spring Company, revealed
that flaking was always associated with zinc dﬁ?gsited from a cyanide
soiution, They developed a spacial acid solution®* which prevented
flaking, It was also learned that, in the preparation of the 2inc-
nickel ("corggnized“)’coatings, the nickel is deposited first and is
covered with the zinc. Heat treating is done in air at 700°F,, and
diffusion is reported to be complete in thirty minutes, No visipla
oxidation takes place, but the resulting obating is a dark blue-gray in
colore - 7

| TRa aking a cue from that work, an sxpertnant was perfcrmod to
see if the aemd;inc solution would be effestive in preventing flaking
of ginc-silver coatgngag Two sets of four specimens each were pre—
pared with duplex zinc-silver coatings, These are the first eight
specimens in Table L, In all cases, the zinc was deposited first.
Four specimens received zinc coatings from the cyanide solution, and
the remaining four were coated in the special aci& solution, A1l
eight were silver plaﬁéd in the same way, The two sets were he#t
treated simultaneocusly jin air at 600°F, At the end of one, two, four,
and eight hours, one specimen fram each set was removed frohﬁghe
furnace, No fiaking was observed in the "acid" specimens, tut the
“evanide” gpecimens showed flaking, The acid specimens had a puur appear-

ance, however,

Th 537 Sunpl 2 ol

*The camposition of the special acid-type solution is not given in this

report because no permission has been pranted to do so,
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Previous results had shown that, after eight hours of heat
trezting, no free silver could be detected by X-ray diffraction,

o rmagrnd dAn am +
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Table L shows shat free silvor may b

hei: treatment, Also, the fact that no silver is detectad by X-ray
diffraction is no assurance that very small amounts are not present,

The experiment was repeated with the silver being deposited

uts

—— -

firat and only the 2244 2ine 2o n wag used, The rgsultant ccat
ings shcewed no flaking, They had lustrous, mat surfaces;'in fact,
they looked better after heat treating than before, These specimens

. Were exposed in tie "wet-dry" cabinet and failed after only one cycles
ﬁo difference due to leat-treating time was observed,

The meinods for plating the duplex specimens are described in
Appendix I,

apparently, the preparation of resistant zinc-silver coatings
by diffusion is not przeticable or will involve a longer ressearch beforgﬁl
success is attained, It may be that, in order to achieve a satisfactory
coating, codeposition studies will have to be resumed,

The influence of the heat-treating atmosphere on the zinc-silver
coatings was tested by diffusing several duplex-coated specimens in
hydrogen, ilhen exposed in the "wet-dry" cabinet, thesse specimens rusted
as rapidly as those heat treated in air (iwo cycles), Two specimens,

coated with a 2inc-silver duplex, undiffused plate, were alsc exposed,

They showed rusting after two cycles, also,

Tkl 1 .
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Duplex plateé, such as tiicse with the zinc on the outside, would
bs expacted to protect steel longér than for two cycles. The zinc made
up more than 0,2 nil of the total coating thickness (0,3 mil), A
simpla zinci‘oating of G.,2=-mil thickness on steel would prevent rusting

for a longer periods The free silver is then probably the cause for the

:frépi&‘rusting. vitereas the test with duplex plates does not prove the

bellef, it does support the idea,

The possibility of the coéting baing porous was eliminated by

.. ieé@;ng electrographically, No pores were detected.

Tests on Galvanic Couples Formed From Aluminum and
Zine-Silver Alloys

There is a ﬁbssible danger in the use of alloy coatiﬁgs whichr
contain noble metals for protecting steel parts of aireraft, ~If the
corrosion prcducts fram the alloy come in contact with aluminum or its
alloys, the noble metal might deposit (by chemical displacement) on the
aluminume, Thus, a couple would be formed in which the aluminum would
ba anodic; and as such would corrode rather rapidly, Alloys containing
copper, such as brass, are "bad actors" in this respect,

The above discussion could also apply to zinc-eilver alloys, the
corrosion products of which might contain small amounts of silver, If
a8 metallic deposit of silver formed on aluminum, the latter might cg;rode.

To determine the amount of corrosion brought about by such

combinations, a group of couples was exposed in the "wet—dry" cabinet,.

Two zinn—silvar allaovs were nsed

|
-~ B Ly - E, B

otner 25 per cent silver., Two types of aluminum were used, bare 24ST

i



and 2LST Alclad, The aluminum specimens measured four inches by one

irch, and the zinc-silver alloy pieces werse about 3/l inch square, The
ginc-gilver alloy specimens wers clamped to the aluminum at one end by
means of the Lucite washers which support the specimens in the cabinet,

Aftar 150 cycles (75 daysj,the coupies weie¢ vemsvad ond &xamincd,
The aluminum was iightly corroded all over, There was no evidence of
1lncalized corrosion at the interface between the 3luminum and the
sinc-silver alloy, nor slsevhere.

The conditions in the "wet-dry" cabinet might not have been
favarable for obtaining galvanic corrosion, The mechanism would require
some dissolution of the zinc-silver alloy, with subsequent precipitation
of silver on aluminum, thus forming a silver-aluminum couple, in which the
aluminum is anodic,

As mentioned above, copper and copper alloys will act in this
way so as to produce copper-aluminum couples, As a test of galvanic
action in the "wet-dry" cabinet, several couples composed of eluminum
and copper and aluminum and brass are now being axposed, The test has
not been campleted but the results will be camunicated at a later date,

Even though the tinec-silver diffusion coatings had 1ittle
protective value, dropping them from further study is not yet reccmmended,
It is still delieved that zinc-silver alloy coatings, if properly pre-
pared, will be protective,

Zxperiments on tho Codeposition of Zinc and Lead

Lead is soluble in 2inc to the extent of about one per cent,
Beyond this amount ,there is compleote immiscibility of the metals at room

temperature, Tesats made early in this program on cast specimens
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disclosed that one per cent iead was insufficient for making a
significant improvement in corrosion resistance. An increase is

protective roatings,
slectrodeposited alloys other than zinc-lead alloys have been

prepared which show evidence of greater solubility than would be pre-

o ~. N

L

dicted fram the constitution diagram. Eled@rcucpcsiticn, theu, is one
possibility for making such alloys,
During the first year of work on this project, the codeposition
of zinc and lead from cyanide baths, containing tartrate and fluoride, -
was studied, Wide variations in plate composition were observed even when
the plating conditions were apparently identical, No X-ray data were <
taken, so it is not known what types structart-wers obtained,
Assuming, however, that no variation from the phase diagram can
be expected, a quasi-alloy can be visualized comprising a fine dispersion
of lead in ziné. This may also be prepared by electrodeposftion.. 7
! Attempts to codeposit zine and lead from fluoborate solutions
or zincate-plumbite solutions were unsuccessfuls In all cases, lead slone
depositéde Examples of these solutions will be found in Appendix I,
This work continued with a study of baths in which the lead
exists as a complex chloride, Zino does not farm chloride complexes,
In that way, it was hoped to aupbrass the lead ion conccntration? 80
as to bring the respective deposition potentials elése together,

Several lead-camplexing agents were tested, What was sought waa

a lead complex which would have a very low concentration of lead ibhs
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in solution, This would shift the lead potential toward that of zine
if the zinc was not complexed, The static electrode potential of a
complex LiCl-PbCl; mixture was measured and compared with the potential

e AP 19_2__1“ 'T'hﬂ

‘of a nitrate solution contalning wie samo cucsntratisn of 1= Tha
results are given in Table 5, Complexing caused the potential to shift
only 200 millivolts in the negative direction, The potential of a
one-molal zinc chloride solution would be about -1,0 volt, on the
saturated-calomel scale. This leaves a difference of LOO millivolts
between the zinc potential and the lead potential in the complex
solution, Assuming the respective deposition potentials to be close to
these values, considerable polarization would be required, in the case
of the lead, in order to have codeposition,

Zinc chloride is even more soluble than lithium chloride.
According to the law of mass action, where the chloride ian concentration
is increaged the lead ion concentration will be decreased, -

A concentrated zinc chloride solution was made up and a relative—
ly small amount of lead chloride was added to it, Several plating
experiments were made using this complex zinc-~lead ”solution. Table 23,
Appendix I, gives the details of the experiments, The best deposits
were crystalline and treed, with the adherence being poor, Analysis of

_the lead in the deposit showed 95 per cent to 97,5 per cent, Since

much higher zine percentages were desired, it was not thought worth

while to determine zinc except by differencc,
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TABLE 5, SINGLZ ELECTRCDE POTENTIALS (F LdAD IN
NITRATE SOLUTION AND COMPLEX CHL(RIDB
SOLUTION., SATURATED-CALOMEL SCALZ,
VALUES IN VOITS, 90°F.

Complex
Eggged Nitrate Chll'?:-;.{de
(Mins,) Solution® Solution®*
3 - ~0,610
10 — i 0,611
%) -=0,h12 —
21 -0.L11 ' ~0,614
35 -0,415 ~0,614
58 - -0.407 0.6l
110 0,113 | -0.612
153 ~0.409 ~0,610
360 ~0,L05 ~0,608

O O

. v
Lead nitrate solution contains 41.3 g./l. Pb(NO3), or 25,8 g./1.1lead,

o

Complex chloride sclution consists of 35 g./le PbCly or 25.8 go/le
lead in a saturated LiCl solution,
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Experiments on the Electrodeposition of Zinc-Tin Alloys

the Tin Reééarch Institute. Their.formulation has been used successtully
in England in several commerical units, Attempts to duplicate the
results at Battelle did not at first meet with success, It was neccssary
to ineraasa tha zine concentration in arder to get the desired plate
composition, A study of the problem revealed that high-purity stannate
must be used, In England stannateis made from virgin %in. In the
United States, sodium syannamais usually made fram tin-plate scrap and
other tin sorape Consaquéntly, it contains organicrﬁﬂa other impurities.
A sample of British stannate was prooured and with it tﬁ?
‘:aodmmended bath proauced the desired plate camposition,

High-purity stannaie can now be obtained in this country from
the Metal and Thermit Corporation, Rahway, New Jerseys

Research also revealed that the bath should be held at operating
temperature several days before usee Apparently some of the chemical
éhéng;; are slow in taking place.

Full directions for operating this bath are given in Appendix I,

Manganese-Tin Alloy Coatines

Experiments on the Codeposition of Manganese and Tin

‘The investigation of this alloy grew out of a conference with
Air Force representatives when the decision was reached to abandon the

manganese-silver alloy in its favor, The manganese-tin constitutiomn

- AFTR 5692 Suppl 2 29



diagram discloses tnat tin is soluble in manganese to the extent of 0%
at room tempcrature, With hijher percentages, intermetallic and possibly
brittle camoounds are formed. Comnositions in the sclid-ssluticn Tange
then became the ~oal for alloy plates,
‘ Preliminary experiments for the electrodeposition of manganese-
tin alioys were reported in the Final Repcct dated June 28, 1949, The
investization has bean continned with studies of the nwrophosphate
solution aﬁd the thiocyanate solution, WNeither of these solutions has
produced a deposit of the desired composition, -
The pyrophosphaté—type solution produced the better appearing#:
deposits, so it was used for the quantitative t{;als. By increasing the
current density from L3 to 14k amps./sq.ft., the manganese content rdie
from 6,37 to 36%, A further inérease in current density to 216 amps,/
3q.ft, raised the manganese content to L3%. It appeared that further
inereases in current densi&z/would result in smaller and smaller in- —
creases in manganese content., Thus, a 927 ;anganese déposit or hHigher
from these solutions appears unattainable,
Lowering the tin“content of the solution by 60% had very little
effect on the plate composition, ﬁ‘ ~
Attempts to improve the pyrophosphate solution restlted in better
appearing deposits, but the tin contents were still high, sxperiments with
a straiczht sulfate-type solution resulted in deposits having a tin
content bolow l%. Addition of a tartrate to the sulfate solution raised

the tin content to the range 35~-70%. The lower tin content was obtained
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at high current densities, By raising the MBSOh°H20‘-COHCUntratiQn

from LO gs/1. to 200 g./1., the tin content of the deposits was finally
lowered to about 12%.
- ﬁiﬁh baﬁg tartrate and oxalate present, the mnSu),eHp0 concentraticn:
could be lowered to LO g./l. to produce deposits with a tin content in
the range desired, When the éxalate was used in the absence of tartrate,
poor deposit§ of uncertain co?position resulted, Furthermore, the tin
precipitated at a pH of 5 with only the oxalate present, iihen Golh
tartrate and oxalate were preseni, no precipitation took place uﬁ“t; pH
8, at which point the bath seemed to funetion best, Current efficiencies
are of the order of 15%. |

Details”of the experimental manganese—t%p plating are given in

k:
s
o

Tables 21 and 22, Appendix I, 7~

= o e

pEY —_—

Static=~Potantial Tests

Table 6 gives the results of the static electrode potential tests
on electrodeposited manganese-tin #lloys in 3% sodium chloride solution,
The data shoﬁ two discrepancies in this seriesoo The alloy containing
17% tin has a more noble potential than the 4OF tin alioy. The "72%"
tin alloy has a potential value which is less ﬁoble than thé one contain-
ing "65%" tin, One apparent explanation is that the analyses were in
error, The analyscs waré~made on separate specimens plated under the
same conditions, so it is also possible that lack of reproducibility in

plating is tiae cause,
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One of the discrepancies in potential relationships was re-
flected in the degree of corrosion cbserved visuaily on the specimens,

The "175" tin alloy showed no brown corrosion products, while the "LO:"

4o ATV aee A2 A Mhr mcnadmanna aanbadinine LQ7
Wehdd el ) VAdhag At WAl A Ve dis ity oSy

, £§%  and 7727 tin ahasad no
brown corrosion produots, Therefore, it is known that there are
manganese~-tin alloys having greator corrcsicn resistance than hae pure
manganese at least in 3% sodium chloride solution,and which can be
expected to give sacrificial protsction to steel, What is not known

is the exact composition for these allo&s.

Experiments on the Preparation of Manganese~Tin Alloy
“Coatings by Diffusion £

Subsequent experiments with the manganese-tin-plating bath
showed the reproducibility to be poor. As with the zinc-silver work,
time was an important factor, so rather than trace the cause of poar
reproducibility, alloy coatings were prepared by diffusion.

In the work with electrodeposited alloys, those witp a _fair_ly _
bhigh (about LOZ) tin content showéd prospacts of having good corrosion
resistance and of providing sacrificial protection,

The diffusion coatings which were prepared contained about LOx
tin. MKanganese was first plated on @lectropolished SeA+E. 4130 steel,
Previous exparienée had demonstrated that electropolishing was necessary.
Apparently, there was something on the surface of the steel which inter-
fered with azanganese deposition and which was removed by electropolishinge

This may not be true for other lots of the same alloy, The tin was

-
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plated directly on the manganese, The manganese-plat:ed panel must be
immersed in the tin-plating solution with the current on, Also, at the
instant of immersion and fer about five seconds thereafter, the current
duusiiy mustv ve avove that normally used in tin plating, If those pre-—
cautions were not taken, the tin did not completely cover the manganesa,
and where it did cover it blistersd. Details of the mangmese-tin
duplex plating experimonts are given in Appendix I,

No X-ray data were at first available for manganese-tin alloys,
Navertheless, determination of the extent of diffusio.. was possible.
Standard patterns for pure tin and for pure alpha manganese are knowne
No evidence of free tin or free manganese could be found, so. the con-
clusion was drawn that complete diffusion had taken place, Data for this

, test are contained in Table 7 and Figure 8,

Under the impression that interdiffusion of the manganese and
tin was complete, several panels were exposed in the "wet-dry" cabinet,

The manganese-tin coatinzs shcowed better inherent resistance ‘o
attack than the pure manganese coatings. The characteristic brown
corrosion products did not appear so rapidly on the alloy coating as on
the pure manganese specimens. One specimen (L557-86C) had only 50 per
cent of its surface covered with the manganese-type corrosion products
after forty cyecles in the "wet-dry" cabinet, The pure manganess coatings
were covered with the brown oxides after only two cycles, The other
three alloy coatings, while not so resistant as 4557-86C, did show
improved surface resistances As for providing sacrificial protection,

however, the pure manjanese was the batter, After 13k cycles, the steel

AFTH 5692 Suppl 2 2
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undernaath pure manganesa coating had not rusted, This was notr the case
with the alloy coatings, Three of thom showed iron rust, which covered
5 per cent, 15 per cent, and 50 per cent of the surface, respaectivelya.
(See Table 24. Aopendir 1T |}

A botter intarpretation of thess resuiis can be made in the
light of X-ray diffraction measuremonts, and so this disoussion will be
daferred until laler in this report, where the X-ray results will be
discussed, Following this, 1£ was planned to prepare a series of
manganese~tin alloys of different compositions, Calculations were made
for alloys containing 10 per cent, 25 per cent, 50 per cent, 75 par cent,
and 90 per cent tin. They wero to be used for the measurement of po~
tentials, which would define the compositivsi limits within which
sacrificial protection would be expected. '

Shortly after this work was started, X-ray data were found which
gave the identifying characteristics for mangsnese-tin compounds®, With
the now information, a diffraction pattern was made from Specimen 4557-87A,
(Table 7 gives the results for this and other manganese-tin specimens,
Figure 10, Appendix II, shows the type of photograms obtained fram the

- X-ray measurements,) The conditions for the preparation of Specimen
4SS7-87A were the same as for the panels exposed in the "wot-dry" cabinet.
The diffraction pattern ahowed strong tin and faint iinSnp (Standard tin
and Type A photograms, Figure 10), Some time following this diffractiom

measurement, the specimen was observed to have developed a gray powder

*Hans Nowotny and K. Schubert, Metallforschung, 1, 17 (5L6).
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on 1ts surface, This powder had not been there originally, The
diffraction pattern obtained from this powdery surface showed only tin

to be proscnt, Successive abrasions showed the [rwe-manganese pattern -

to ba inecrasgin

g in
Figure 10). Apparently, diffusion had not becn complets, Also, with
forty weight per cent tin, one would expuct a compound such as Mn3Sn,
rather than MnSnp, At this point, the preparation of the ecomposition
soeries of menganese-tin dbatinga nas daeferred until further tests were
made in detormining the conditions for diffusion,

Heat treating at the sams temperature for a longer period (sce
Specimen 5327-18A, Table 7) resulted in a stronger MnSny pattern.
X-raying after abrasion again demonstrated that the ﬁnSng was only on
the surface, Seven days following heat treatment, the powder had re-
appeared, Aftpr additional heat treatmont, only tin was found, Several
days later, th; powder appeared once more, The surface underlying the
pondar was X-rayed and onl& tin was found,

These experiments were repeated, using, instead of a duplex
plate, & coating with a total of six alternating layers, three each of
manganese and tin, The total thickneas was the sams as with the duplex
plate (0.3 mil), This was Specimen 5327-2LB, Essentially the same
results were obtainod as provicusly.

The data from all these experiments show that the ¥nSn, is
concentrated in the outor layors, One explanation is that the manganese

migrates along the surfaces of the tin pores and finds its way to the
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surface. This phenomonen of surface mijration has been obgerved with
several other mstal pairs, No refercnece to its ocecurrence in the case
of manganese and tin has been found., The thin coatings of tin used in
this wark ars wndeubtedly parous.

The only thought on the formation of the powder is that iinSnp
is unstable and docomposcs,. Although m2nganese was not found when the
powdered surface was X-Trayed, it may have been present, Manganese
does not give so strong a diffraction pattern as tin and could have
been overshadowed,

The "wet—dry" tests can now be examined in & slightly different
light, The so~called "manganese~-tin diffusion co;tings“, as prepared
thus far, appear to be triplex coatings, with a t:hin outer layer of
Imen2 , an intormediate layo;roi‘ tin, and an inner layesr of manganeses
Decamposition of the MnSn, layar would lcave a duplex coating of tin
and manganese, There is sufficient differencs in potential between
these two metals to cause rapid deterioration of the manzaness, hence
the rusting observed in threc of the fou;- "man;anese-tin" coatings. -

| A few experiments were conducted whers & manganeso-coated steel
panel was immersed in a molten stannous chloride bath, The manéanese
displaces tin in the solution and molten tin forms on the surface. The
heat should cause the tin to diffuse into the manganesas A second inert-

salt bath would be necessary after the requisite amount of tin is

deposited, Diffusion could continue without additional deposition of tin,

AFTR &692 Suppl 2 18



sxporiments on the preparation of mangancse-tin diffusion coat—
ings by elcetrodepositing tin on manganese in a fuscd-salt bath were
discontinucd because this method has too many practical disadvantages,

Th-> manganese and the tin teand to scgregate, and only small amoﬁnts_

oif EndSny wore detected,

In the previous work on manganesc~tin, the heat treating was
done below the melting point of tin. Heating a duplex manganese-tin
nlata ahave the melting nnint. of tin did not increase the alloying:
in faet, less alloying seemed to take place.

Xamination of two of the codeposited specimons phich were ’
prepared some time ago disclosed an unidentifiable phase, This phase
did not correspond to any of the phases repurted in the 1iteratgre.

Free tin was also‘found, but no frue manganesc was avident,

Manganese=Zinc Alloy Coatings

Experiments on Manganese-Zinc Codeposition |

Attempts to codeposit manganese and zinc began with a manganous
sulfate Lath to which was added varying amounts of zinc sulfate, It was
found that tie addition of one gram of ZnSOLe7dp0 per liter of solution
resulted in a bLright deposit, Analysis of this deposit showed it to
contain 90=95 per cent manganese, X~-ray Giliraction revealed an
arnorphous siructure,

A rapid corrosion test was made on the bLright depoéits by
placing several drops of distilled water on i.:e surface, +ithin less
than an hour the ciharacteristic brown manganese corrosion products were
visible, so that the inherent corrosion resistance of this coating

appeared to ve no better than that of pure .an; anese,
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+hen two or three srams of zinc sulfate were added to thu bath,
a black deposit was formed., Changes in tue nlating variables did not
result in a satisfactory plate when the zinc sulfate was higher than one
vere The deposiis were not improved oy addition agents such

as thiosulfate, gum arabic, licorice, and boric acid,

Expcriments with langanese~Zinc Diffusion Coatings

For the most part, the prceccedure in the preparation of diffused
binary—alloy coatings has been to deposit the hipgher melting metal
first, The ménganese—zinc systcm was first atiacked in this way.

The initial probicm, of course, centered on obtdining adherent zine
deposits over the nanganese. ’

Poor results were obtaihed with the special acid-type zine
solution used in the zine~-silver work; The zinc deposit was seVufly
blistered, After sevcral strike solutions failed to deposit adherenth
coatings, a dilute zinc cyanide strike solution was prepared and, by
its use, better results wore obtained, ”

Specimens with 0,3-mil-thick coatings containing 25 por cent,
50 pur cent, and 75 pur cent manganese were prépared ahd heat treated
at 600°F, in air,for varying periods of time. Visual examination showed
that, after four hours, the surface had darkened somewhat in color, In
general, very little surface oxidation occurrod during heat treating.
When the mangancse was platcd last, the surface oxidized heavily,

Table 8 rivcs the hoat-triating data and tne phases found by

X-ray diffraction, Rcforence to Figufu 2 and Tablc 8 shows that
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TABLE 8, RESULTS OF X-RAY DIFFHACT1ON EXAMIVATION OF
MANGANESE-ZINC DIFFUSION COATINGS, MANGANESE
PLATED FIRST, EXGEPT AS NOTED.

Spseimen Cempoeitionl Diffusion _
Number (reight %) Treatment Phages ldentified”
S46-264  SOMm - £0zm 8 Hre, A00°F_ itr Seapailan ¢ Fehata Mn + VF-Kno
-3463 Ditto 23 Hrs., 600°F,, Air S-epsilon * MP-beta Mn * VF-In"
~26F n 4 Hrs,, 600°F,, Air S-epsilon * VF-beta Mp *+ VFelt(
«34D " 7-1/2krs., §00°F., Alr S-spsilon + F-bets Mn
—;8& 75Mn - 252n 15 Hre., 600°F., Air S-epsilon * MF-beta Ma
-384 25Mn - 75Zn 15 Hrs., 600°F., Alr S-epeilon * F=bets Mn *+ VF=AknO
~T4C 75?5 - 25Z2n 1 Hrs,, 600°F., Air M-epsilon + F-betnrﬁp
Cooled to 140°F. in '
Furnace in 16 Hours.
~68F 50Mn - 50Zn Ditto S-epsilon *+ VF=beta Mn
~68D 50Mn - 50Zn " S=epsilon * VF=beta lMn
120 25 - T52m n Sealphs * ? Mn
1, Nominal.

2, The letters S, MS, M, F, and VF (strong, medium strong, medium, faint, and

very faint) refer tc the relative intensities of the phascs?
A question mark denotes that the identification of the phase was

pattern,
doubtful,

3. Zinc plated first.
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diffusion took place ussentially in accordance with the phase diagram,

Thu most rcecent manganese-zine phasc diagram is reproduced in this report
because it may not be ruadily available, The phases prescent (in tae case -
of the 50=50 alloy) weru thos¢ stable at about 572°F, (300°C,). The

prescnce of theso phases was thought to be duc to air quenching when

the specimens were removed from the 600°F, furnace, Another group ot

dupiex manga;ese-zinc—coated spaciﬁans was hoay treated iﬁ the same

way but was furnace cooled at a slow rate, The data in Table § show

that thoe slow cooling made no change in the results, except in thc case

=

of the 25 per cent manganese alloy, -
N
Several specimons were prepared where the zine was d posited

first, These specimens oxidized heavily during tho heat treatinge, .-
b N
Table 17, Appendix I, gives some typical plating experiments

in the preparation of manganese-zine duplex coatings, 5

Vo -

Static—-Potential Msasurements on Diffused

Manganese-Zins Coatings

.# Table 9 gives the results of static-potential .wasurements for
three compositions of manganese-zinc coatings, The measuremcnts were
made in 3 per cent sodium chloride solution at 90°F,

These data show that sacrificial protection of stcel can be

i)
U

obtained from these compositions, This is expected, sincc each of

the elcments ie anodic to steel, The values at 360 minuiua are in‘
proportion to thc manganese content. At the finish of thc test, the
beakers containing tie sodium chloride solution were obscrved. A small

amount of brown precipitate lay at tne bottom of the boaker in wnich the
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TABLE 9, STATIC-POTENTIAL MEASURGMENTS OF DIFFUSED
MANGANESE=-ZINC COATINGS TN 37 NaCl SOLUTION,
AT 90°F. SATURATED=-CALOMEL SCALE. VALUES IN
VOLTS. TFOTENTIAL VALUES FOR MANGANESE. ZING.
AND 1MUN ARE INCLUDFD FOR COMPARISON,

Specimen Manganese Potential 8t Fla ! .
Number (Weight %) 1 Min, 30 Mip, £0 Mia 240 M4 ¥in.

3180 - 3,70 1m "1.390 -1.31? "1.316 - -
5486 - 38B 75 ~1,282 -1,038 1,042 -1,075 ~1.107
- T0A 50 «1.177 «1.053 ~1,053 ~1.040 =1,039

f -38J 25 1,035 -1.030 -1.0  <1.0%4  ~l.®6
i

2875 - SOB 0 "1-‘048 .100% "10%1 - -

(Pure zinc) L

2875 - 1B - 0,619 =005 =0.707 - -

(SAE 4130

steal)
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75 ber cunt manganesc panel was tested. An oqual_amount of whitce pre-
cipitatc was found in the beakcr which containecd the 25 per cent
:mangancsc oancl, A much smaller amount of precipitat: was obsorved in
the beaker which contained the 50 per cunt mangancse pancl, It appears
that the 75 pcr cont mangancse alley corrndes very much like pure
manganesa, while tho 25 per eent mangancsc alloy corrodcs morc 1iks zine,
The 50-50 alloy had tho bettor corrosion resistance in 37 sodium chloride
solution,

Eprsuro tcsts with mangancsc-2inc, diffusion-alloy-coatcd
specimens show tﬂis combination to have promisc, The 50-50 coating
has greator rosistance than zinc, but it.is not so good as cadmium in
the "wet-dry" tost, This coating gives sacrificial protection and has
an apparcnt advantago over pure manganesc or purc zinc in that tho
corrosion products aro moro adherent and compact, Seattcred, light-gray
spocks wore obsorved on the surfaces of some of the specimens. (Sea
Table 25, Appendix II, for details,)

Ono of tho difficulties with the visual examination of thosu
mangancse alloys 1s the uncertainty in determining the initial rust.
The color of the corrosion products of the coating hidos the prosence of
iron rust, A non-deostiuctive test on the corrosion product is required.
Examination undor ultraviolet light has bocn tried, but without success,
Bocauso of this difficulty, the detormination of the first rust in
several cascs was quastionable. The presenca of rust was ascertained

after the spccimons wore romoved from thoe cabinet,
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Thoe 75 por cent manganese 3lloy corrodud vory much likc pure
manganase, as did tho coating where the ziac had bogn plated first,

A socond group of manganoso-zinc alloys wore oxposed in the
"wot—dry" cabinct, This group included thrae sompesiticns, 25 por cent,
€C pus cunt, and 75 por cont manganosce The results are detailod in
Table 27, Appendix II. )

iiith the exceptlion of two pancls with coatings containing
25 per cent mangancse, all the-pdnols have lasted longer than those
coatcd with puro zinc, This indicates that for improvcd resistance
the coatings should contain about 50 per cont manganesa, ‘

During this sccond test, two of tho panols showcd small rust
spots aftcr a few cyclég%{but the rusted ané;'a ﬁsappearcd as thc test
progressed, This phonomen;h had not boen observed before, A poesibla

& exphnation is that the nonferrous corraslon products covered up tho

iron -nst, and that f£inally the irom rust bocame sufficiently voluminous

80 that it oould be secn,

Manganese-Copper Alloy Coatings

¥o work was donc on Manganes—Copper alloy coatings, It was
mutually agreed that such work should be dofarred until tho Navy outdoor
axposure toste on such coatings were complcted, Tho development and
proparation of the coatings was oarried out by Graham,Crowley,and
Agsociatos® for the Airborne Equipment Division of the Burcau of

Aoronauties undcr Contract No. NOa(s)9930,

*, . :
k07 South Dearborn Gtract, Chicaro &, Tllinois,
475 Tork Road, J.nkintown, P.nnsylvania.
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Manganesc-Nickel Alloy Coatings

Experiments on the Codesposition of Mangancsc -
and Nickel

Codeposits of manganeso and nickel were obtained using a regular
mangances bath with small additions of nickcl sulfate, Quantitative
analysis showed thesoe dcposits to contain only 137 man-ancse, 1ne de-'
posits wurc not cohorent.

Pyrophosphatc solutions containing both manganese and nickel did
not give alloy deposits, Manganesae, alonc, was depositcd from thc pyro-
phosphate solution,

The compositionsof the solutions used and thc plating conditions

aro given in Appendix I,

3

-
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aration of Manganese~
usion
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In proparing mangsnese-nickol duplax platos, tae manganese was
doposited on the steel from the manganous sulfate solution, Sound
nickel deposits on manganese wore not possible fram a Watis-type solution,
For the most pert, the nickel deposited in 4 blistered form, and, where
it was not blistercd, the adherence was poor,

A nicksel strike sclution (originally developad for plating on
nickel dic castings) was not offuctive in producing good deposits, either.
Thin nickcl dcposits have been obtained in this laboratory from a cyanide

bath, This was tricd en thc manganese and, aftor some oxperimental work,



was found to be effective, Bacause the cyanide solution stops depositing
nickel when a flash plate has beon attained, it was nccessary to follow

it with a platc from a Watts-typc solution, Some typical runs arc given

in Tablc 18, Appendix I. The teste rornarded in this 2bls arc 4he
culmination of many unsuccessful attcmpts to wakc a manganesc-nickcl
duplex platc, The heat-trcating data,together with the X-ray results ,
are given in Tabls 10, The 75-25 composiiiun was choson ror theso tests
on the basis of prcvious tcosts with cast alloys, (See Final Report dated
June 25, l9b9h)

Wthen haat treating at 600°F, for 8 hours resulted in no dotoct=
adble diffusion, the same specimcns wers rcheated av 1000°F, for poriods
ranging from 1-1/2 hours to 21 hours, Table 22 shows that, with in-
croasing time in tho furnace, the nickel and manganoss lines bocame
weaker, until, at 21 hours,their identifications were quastionable, At
the same timo, iron became stronger, and a now phase, tontatively called
the X-phase, became apparent. This X-phase has not been identified
as yete Moreﬁork on these diffusion alloys will be nocessary to clarify

this mattor.

Experiments with Zinc-Chromium Diffusion Coatings

No report has becn found in the litorature that gives X-ray
data for zinc-chromium alloys. Diffusion may boc detocted by X-ray
diffraction in thc absence of such data, if tho X-ray pattcrn shows no
free zine or frece chromium, but doos show some unknown phase. Of course,
this train of thought can lead to an crroncous conclusion, as in the

cagse of mangancse-tin.
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TABLE 10, RESULTS OF X~RAY DIFFRACTION EXAMINATICN
OF NANGANESE-NICKEL DIFFNIISION COATINGS,
MANGANESE PLATED FIRST,

Specimen Compositiont

_Bumbey __ (Tsight ) _Feet Treatment Phages Identified<
5486-62C 75Mn - 25N4 1 Hr,, 600°F,, Afr  S-Ni * F-ln

~62D Ditto 2 Hru., 4CO°F., Az Nt tta

-62E " 4=1/2 Hrs., 600°F., Air "

-62F " 6-1/2 Hrs., 600°F., &ir "

“626 " 8 Hrs., 600°F0, Alr 4

Additionp; Heat
Treationt

5,86-62C 75Mn = 25N 1-1/2 Hra., 1000°F., Afr S-N{ * S-}in * M-Fe * VVF-X?

<620  Ditto 3 Hre., 1000°F., Air S-Ni + S-Mn *+ M-Fe + VF-X

-62E " 4-1/2 Hrs., 1000°F,, Alr S-Ni + S-Mn *+ M-Fe *+ F-X

-62F " 6-1/2 Hre., 1000°F,, Adr M-Ni + 7Mn *+ S-Fe + MS-X

-62G " 21 Hrs., 1000°F., Alr ?-N{ + 2-Mn * S-Fe * S-X
1. Nominal,

2. The letters S, MS, M, F, VF, and VVF refer to the relative intensities
(strong, medium strong, medium, very faint, and very, very faint) of the
phasesi diffrsciion vattsrns. A question mark denotes that the identification
of the phase is doubtful,

3. X~ phase has not bean identified, but does not aonear to be a Mn ~ Ni slloy.

Some of the diffrection lines of this phase correspond to some of those of
MnO, However, not all of the lines can be accounted for by thls compound.
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During the first ycar of work on this project,threc compositions
of zinc-chromium alloys were prepared in cast form, They contained
0.L48 pcr cent, 2.0h per cent; and 5.36 per cent chramium, respectivelys
A-ray palierns wero made for cach of these alloys. Thr naticrne
showed an unidentified phase (the Y phase) to be present in the 2,047
ahd 5.36% alloys, the latter having the larger amount, The chromium
contents of those alloys are relatively 1&0, Wul 1L was tnougni, at
the time, that the pattorns might serve as guides in the diffusion work,

Duplex platcs were prepared in ty\_fo ways, with the zinc first
and with thc chromium first, Standard chromium and zine {cyanida)
solutions were used where the zinc was plated first. A special zinc
striks solution was uscd for plating on tho ciromiwn, The solutions
and conditions are given in Appendix II,

The results of the diffusion troatment Si'e given in Table 11,
Some diffusion took place,as shown by the small amounts of Y phase,
D;ffua:lm orobably did not proceed fer,

Experiments with Cadmjum-Chromium Diffusion Alloys

No X-ray data were found in thec litcrature for cadmiume~chromium

alloys, _ )

Tho cadmiwn was plated first, and no difficulty ias encounterod
in depositing the chfanium ever 1it,

It was thought that the cadmium and chromium would intcrdiffuse
at é relatively low temperature, ut such was not thc case, The results

are given in Table 11,
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Exporiments with Manganese~Cadmium Diffusion Coatings

Mo special strike wa3 necessary for plating cadmium over
manganesce Good cadmium deposits werc obtained from a standard bright
Cyauida suviuviion 4t surrent density of about 1Y ampcres per squarc foot.

— o AL ~ .

igwer thanm the usual 30 amperes per square foot custoﬁ-
arily uscd with this bath., 7The only diffusion taests were made on panels
having a 50~50 coating, In all: cases manganese was plated first. No
diffusion was dctecfed after heat treating at 500°F. for six hours,
Table 19, Appendix I, shows the pléting conditions for preparingithe

duplex plates, Table 12 gives the heat-trsating data and the resulis

’ of the examination ty X-ray diffraction,

Preparation of Outdoor Panels

The coated pancls for outdoor exposure have been almost completed, ™

The dotailsggf'their proparation are given hare and will pe given again
several years hance when the results of the outdoor exposure are reported,
First of all, the prepafétion of each type of panel roquired

some preliminary experiments to detormine the current-density conditions
for good plate distribution, After this, tho plating was fairly routine,
except in the case of the manganese-coated panels, A calibration curve
for the measurggant of manganese plate thickmess with thé Magne-Gage was
not available., The calibration //;;dc by first testing the thicknecss

magnetically, and then,using exactly the sane spot,measuring the true

ion with & WiCTOSGUPU,
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TABLE 12. RESULTS OF X-RAY DIFFRACTION EXAMINATION
Uy MANGANESE-CADMITM DIFFUSINN COATINGS.
MANGANESE PLATED FIRST.

[

Specimen Compositionl Heat Phases

(\5486-923 50 Mn - 50Cd ‘1 Hr, 500°F., Adr 's-g“*m'cao
-~92F  Dpitto 2Hrs, " 8 S - cd
| Noe923 0w 6 Hrs, " » S - cd
1, Nominal

2, The letters S and VVF (strong and very, very faint) refer to
the relative intensities of the phases? diffraction patterns.

R
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To date,the zinc-tin, pure manganese, and mangancse panels have
been coated, As this is being written,the zinc and cadmium standards
are in preparation,

The plating r?ck; dnecrihod in Appondiv I,werked wory well in

producing deposits of uniform thickness.

Miscellanecus Experiments .

Expogiire Tosts in the "Wet-Dry" Cabinet

Manganesc Coatings with Tin Overlay. Llangancse coatings will

provide cathodic protection to the underlying stwel., However, the
manganese will deteriorate rapidly. As a mecans of reducing this rapid
corrosion, thin coatings of tin plate wure applied over thc mangancse.

Two tin-coating thicknesses, 0,00003 inch and 0,00006 inch, were

“* used, Nelther was cffective in reducing the corrosion in the "wét-dry“

cabinet, After onc cycle, the surface of the metal was covered with
brown spots, Flash coatings of tin are inherently porous and break down
very quickly, Once this happens, acceleration of corrosion can be

expected because of tho formation of tin-manganese couples,

Cadmium~Silver Alley Plate, These deposits, containing 8%

silvor, were oxposcd in the scratchoed and unscoratched conditicns, Both
types showed rust after a single cycles It is important to note that
tne corrosion progressed failrly slowly aftor thoe first-appearance of rust,

At the end of 100 cycles, the pure cadmiwn was in better condition than

FRTHOBAGR Gaprd v b



the alloy. The latter e;hi‘oﬂsd ruast spots§ and scattered white corrosion
products, whereas tne cadmium had fewer rust spots and no white corrosicn
products, The cadmium-silver platae appears slightly inferior to the
pure cadmium plate, while steel panels plated with zine were not exposed
concurrently, it is judgsd, on the basis of preovious iusis, that the

cadmiumesilver is superior to the pure zinc.

Weizht-Loss Results on tho Cadmivm-Silver Castings. Referonce
to Table 13 shows that cadmium-silver has about the same resistance tvo
corrosion in the ‘'wet-dry" test as has pure cadmium,

Zinc-Nigkel g"carroniaod"l coatingg. The results for the

"ocorronized” coatings aro givenm iam Table 26, Appendix II.
Thres coating compoeitions ware expoeedy In all cases, the  __
Toorronized? coatings rusted b&toro ﬂu pure sinc coatings, which were

=~
exposed as standards. mm‘icmmmmm__
rusting, varied with the camposition. The highor the nickel, the slomer

the sdvance of rusting, It appears, from the results of this test, that,
under conditions of moisture condensation, such as are met with in the
tropics, these zinc-nickel alloys would not afford protcction for steel,
Obeervations of scratched zinc-nickel-coated specimens revcalod that
only a low degroc of sacrificial protection could be expected where con-
densed moisture prevailed.

¥hereas the nickel-zinc corronizaicoating appears to have
achieved succoss undor other atmospheric conditions, the rosults in the
"wet—dry" test do not show such a coating to be a prospect for better

protection than pure zinc in the tropics,
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Cadmiua-Tin Coatings., Beth diffuscd and codeposited cadmium-

tin allcy coatings woere tosted.

The specimens ware supplied by the Naval Air Zxperimental
Staticn, Naval Air Material Center, Navy Yard, Philadelphia, Pennsylvania,
The diffused specimens measured 1-1/2 inches by 5 inches, and the coating
rangad from 0,55 mil to 0,43 mil in thiclkness, as compared with the 0,3~
mil !:Ut;.l»uxso preparsd hors, The cadmiumetin coatings which wore co-
deposited from a fluoborato solution were plated on 2-inch by 3-1f1ch
specimens and roprescnted thicknesses from 0.05 mil to 0.3 mii., Taking

t.hese veriations into consideration, the codeposited alloy is belicved

Mk WA g e, et o rm

-- —-—w--»—_-—-r.-.——m---x—'&__' :

to bc somowhat more resistant than the diffusad coatinzs, O0Of the cadmium-- T

a5 Trem——"

tin coatings, ouly thc codcposited O,3-mil-thick {3393-66L) coating. e
prevented rusting and did not show tarnishing. The only chanze was a —
slight darkening., (Scc Table 25, Appendix IX,for dotails.)

A report* reccived from tho Naval air Exporimental Station,
Naval Air Material Centar, Navy Yard, Fhiladelphia, discloses that tho
cadmiun~-tin-alloy coating deposited from a fluoborate solution is
supaorior to both diffused cadmium=tin coatings and cadmium~plated
coatings in the salt-spray and humidity tosts, Atmospheric-exposure
tests indicated that the fluoborata-alloy coating and pure cadmium were
comparable in the protecction afforded and both wera suporicr to the

diffusion-alloy coating.

*Report Noe AKL NAM AE L11027, Part II, Tin-Cadmium Alloy Coatings -
Roport of Tests, Issued 12 kay, 1950,



% |
| s=—wmch more Woble than stecl. The initial test of tiis idea was made

A recant publication®* by B, L. Scott and R;HD. Gray, Jre,of
dright~dcronautical Corparation, .ives salb;épray results for the cadmiume
tin fluoborate coating. They report no rusting after 30 months in the
salt -spray cabinet for coatings 0L 2nd 0,5 wil ilu ihicknass.

Static-pot.ontial mcagirumunts in 3, sodivm cnloridc solution
wore made on the specimens from the Navy, Thid was donc to determine

whethor the coatings could give sacrificial protoction to tha steel

The values ars given in Table 28, Appendix II,

Coatings which Do Not Give Cathodic Protection, Recently, some

thought has been given to the possibility of investigating coatings

which do not give saerificial protection to steel, but which are not

using a codeposited iron-—chromiuwm alloy, The mothod for depositing this
alloy has becn developed at Battelle undor the sponsarship of the Army

Ordnance Department. This alloy contains 5 por cent iron and 95 per cent

chromium, and is deposited from a tri-valent chromium bath, Unlike the

chromium deposit from tho usual chromlc acid sol;tion,mthisnélloy plate

is free of cracks, It was thought that the crack-frec naturc of the

flate would provide greater protection of the underlying steel, Specimens

coated with regular hard chromium woerc oxposed simultaneously as controls,
Rust appeared on the iron-chromium and the chromiuwn-coated

panals after two cycles. Two of the iron-chromium specimens were

removed after 2L cycles, and'tho remaining two, after 64 cyclca. The

*1ron Ago, Jonuary 18, pp. 59-62, 1951.
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amount of rust was about the same on all four panuls, Tae progress of
rusting, beyond a cortain point, is slow, Detailed results are given
in Table 26, Appendix 11, '

e Jince cxperiments were being made with the electrodeposifion of
zinc~lead alloys, some pure lcad coatings werc oxposed for comparison,

After two cycles, the panals were covered with leosc, whitc corrosion

products, After four cycles, spots of rust showed,
E

The Effect of Lightly Nitrided Surfaces on the Corrosion of
Zinc Plate;‘ A short investigation was made on the offect of nitriding
the steel surface prior to plating. Zinc“plate was uged for this r
=~ atudy, because more information is available on the behavior of zinc
plate than for any other coating in the "wot-dry" tést.
S -~ === panels with mitrided surface required an average of thirty
sycles—for initial rusting, The unnitrided panels showed the first
rust after only 20 cycles. Tho advance of rust following the initial
rusfing was vory rapid in both cases. Tho nonnitrided panels had 50%
of the surface rusted aftor an average of 76 cycles, and the nitrided
panels showéd 507 rust after an average of 78 cycles, It can be con-
cluded thabt, even though the nitriding dglaya the initial attack, the
subsequent spread of rusting is so rapid that the difference in initial
rusting has litile or no meaning,
) During World Var II,it was reported that nitriding the surface
of Armed Forces! tabluware prior to chromium plating resulted in a

higher degree of corrosion resistanca than offered ly chromiume—plated
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unnitrided steel, The type of plate which is doposited over the

nitrided surface may also influsnce the results,

4 Proposed Graphical iethod for Improving the Tnternretation

K

. of Wﬂetwbsgﬂ"?sstawffff ihe number of cycles to initial rust are used as

a sole critorion of corrosion resistance, it is cntirely possible to
“draw false conclusions, Such would be the case with manganess-zinc plate
on which ona nr twn spote of rust spgcar afbor C;uly' iwo cyclos, Assume

that the initial rusting on a zinc-coatod~panel occurs after twenty
cyeles. The zinc-coatod panel may be 50 per cent corroded at seventy
cycles, wheroas the manganese-zinc-coated stecl, which rusied first, is
only five pcr cent corroded at savanty cyclese Tt{ua, the progresg of
further rusting after the initial rust is also an mportm:;r.

It is proposed, tharefors, to introduce a graphical integration
method which includes the initial rusting and the progross of rusting
thareaftar, |

Figure 3 illustrates this method. The limit for recording the
extent of surface rusting has been arbitrarily chosen as 50 per cent,

A lower porcentage can be taken if desired, The ordinate is chosen as

the per cent area rusted, while the number of cycles are recarded along
the abscissa‘; By taking ‘the area of the shaded sections in Figure 3,

a aumber is obtained (the-"index") which zives the relative resistance
of a coating, Thec upper curve shows how a zinc-coated panel might be
represented, The lower drawing in Figure 3, which mizht symbolize the.

corrosion factor for manganese-zinc, shows cearlier rusting but a vory
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slow advanco of rust. The indaxes show that the overall protoctive

value of manjzanese-zinc is greater than that of zine alonc.
The method does not allow €or differonces in depth of penetration
of the corrosion, During the threo yecars that the "wet-dry" test has

)

been in usg, large differences have not been cbserved. If it i3 found
in the fuburc that there are significag£ variations in depth of penetra~
tion, then this factor can be added in, |

The graphical method has been applied to some of the more recent
tosts, Tablec 27, Appondix IX, gives the index values for plain Qinc
plate, zinc blate on a nitrided ;teel.surface, and various compositions
of manganese-zinc coating. The average index value for plain zinc is
439 and that for zinc on nitrided steel is 462, The index for the
nitrided specimens is slightly larger,but not large enough to moan that
an imérdvem;nt has been brought about by nitriding the steel surface,

The results for manganese-zina coatings show much larger
doviations than do the aforementioned tests, Because of this,it may
be necessary to apply statistical treatment to the results, This
possibility is _boing studied. For the present, averages will be used.
For ihe 25% manganese coating,the average index is 684, for the S50%
manganese coating it is 878, and for the 75% manganese coating the
value is 1187, ¢

The main purpose in applying the graphical method to these tests

at this time is to illustrate its useg, It is believed that with

refinements it can boe developed into a useful tool.
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Investigation of Corrosion froducts, ror some time it has

been planned to study the corrosion productsrof vhe various coatings.
One objective is to deturmine tne influerice of the alicying eluments
on the naturc and extent of corrosion productse Knowing this, "design-
ing" an alloy coating for maximum protection would be possible.
Preliminary studies of manganese-zine corrosion producis are
given in Table 1, It is seen that zine does influence the nature of
the corrosion products. No attempt is made at the present time to
correlate this information with othar corrosion data, Further studies

should be made before this is donee

EXPERIMENTAL WCRK*

Tha apparatus and methods used for this work arc described in
deteil in Appendix I. Appendix II is a collection of tabulated
experimental data,

*aboratory Record Book No. 3393, ppe. 57-100,
laboratory Record Bock Noe U557, ppe L~100.
Laboratory Record Book No, 5022, pp. 1~0T.
Laboratory Record Book No, 5327, pp. 1-584
Laboratory Record Book No, 5351, pp. 1-81.
Laboratory Record Book No, 5486, pp. 1~100,
Laboratory Record Beok No, 5561, pp. 1-30.
laboratory Record Book No, 5617, pp. 1-23.

AFTR 5694 Suppl 2 63

3
ot
RS

~



TABLE 14 X-RAY DIFFRACTION RESULTS CON MANGANESE-
ZING GUMHOSION DPROTUCTS

Plate
mn C?ggz;g;igx)z 0y 0y Hp0 MnyQy, Unidentified
4557-898 100%n " strong - -
£4,86«38F T5Mn - 26Zn Med4ium - Strong Very Faint
~76H 50Un = 50Zn - Ditto Medium
~76D - 25Mn - 75Zn - d Hedium

P . ?/‘
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FUTURCD «CRK

The future work compriscs two phases under an cxtension of the
contract; o

1. Cutdoor uxposure of the coatings discussed carlicr in this
raeport,

2, Investigation of methods for clecctrodepositing binary
manganese alloys. The manganese-zijic, manganese-tin, mangahesé;copperj
mangangse-iron, manganese-molybdenum, manganascenickol, and mangancse-

chromium systems will be studied, with the emphasis on the first two

systens,
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APPENDIX I

This Appendix contains descriptions of epparatus and methods

used for thoe work deseribed herein,

Proparation of Three Por Cent Sodium Chloride
Solution Tor Static-Potentlal Mecasurements

The water used for the sodiym chloride solution was the regular
laboratory distilled water having a pH of 6.3. The salt was "Baker's
Analysed! chemically pure sodium chloride. Thec solution was filtered

and the concentration checked by accurate specific gravity measurement,

P2

o

Static Electrode Potential licasurements

Agggratus

Figure L is a piecture of the apparatus-as set up for measuring
static electrode potentials of four specimens concurrently. Also,
pictured in tho figure are the additional pleces of equipment used in
the dynamid?potential measurements, No dynamic potcntials were measured
during the current phase of this project because of reasons given earlier
in this report,

A Leeds and Northrup student-type potentiometer was used for
making the static-potential measurcments. Beckman No, 4970 saturated -

calomcl electrodes® werc used as reference eloctrodes, Originally, a

"ianufactured by thc National Tcchnical Labs,, Pasadena, California,

LAY sappl 2 6h
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crplliary oridic was used with the Becxman electrodes, The capillary
oridge was rcplaced carly in this work with a salt-bridge junction tube
duscribed by G, A, Perley¥*, This bridge is nothing morc¢ than a Pyrox
tust tut;e with a soft glass rivet blown into a hole in the lower end,
{n cooling, the sof* glass rivot centracts slightly more than the Pyrox,
lcaving a fine capillary crack. This crack is fine enough to kecp the
solutions on each side of the rivet from interdiffusing. but laree
enough to allow electrolyiiec conduc{i\.v‘.ty. It has an advantage, too,

in that it is more quickly sst up th;n the farmer type.

‘I‘l"se salt solutions were contained in 250=ml. beakars, which were
immorsed in a thermostatically controlled watcr bath (WB in Figurc 4),
which operated within 2 1°F, of tha desired temporaturc, ‘

The specimens war-o supported in bakelite clamps whi;:h rested
on the edges of the boakers, A four-way, rotating, doublo-pole switch
(83 in Figure L) wes used so as to make possible tha concurrent
moasurement of four cells,

The potentiomotsic circuit was calibrated twice by the Battelle
Instrument laboratory and was found to be accurate to 0,5 millivolt.

Method

Five milliliters of saturatsd potassium chloride solution were
placed in the Perley -type bridge, the lower end of which was then

immersed in thce sodium chloride solution, The Beckman calomel electrode

*Trans, Zlectrochem, Soc., 92, L9T (i9u7).



#was n.xt lmacrsed in the potassium ehleoride solution in thoe Porley
bridga, The bridge was tacn adjusted so that thec level of the scdlum
chlurid;.ioluticn is above that of the potassium chloride solution,.
In this :ay,any diffusion of the potassiun chloride into the sodium
chloride is wdinimized,

Thie clampad specimen was then immersed in the sodium chloride
solution. After ona minute.tha initial poti:ntial measuramont. was madae.
This short elapse of time allows the specimen to "settls down' to a
point wherc tho potcntial is not changing very rapidly. Subseqqent

measurcments were made at whatever time intsrvals desireds

——

The "Wet-Dry Program"™ Cabinet

A lead-lined, cork-insulated plywocd box, measuring 3L inches x
25 inches x 25 inches, is the basis for the "wet-dry program" cabinet
pictured in Figure S, This box 18 equipped with a 1/2-inch-thick Lucite
door (A) {lettors in parenthesis rofer to Figure S ), on which the speci-
mens are supported by being clamped bstwecn Lucite washers in such a way
that the test pleces do not maks contact with tho 18-8 stainluss steel
machine screws which pass through the washcers. Twonty-four specimens
can be exposed simultaneously. To prevent warping of the Lucite door,
the adgss were tound with angle ivon,

The Lucite door is opcned and clos:d in a predetermined cycle by
a small wotor (B), which, in turn, is actuated by a timing device (C)
nperating through rclay (D). The motor (3) is a spocial type having two

ficld cuils, cne of which “shadues" the oth.r, causins rev.rsal,



Pigure 5. "Wet-Dry Program” Cabinai, Showing oor Open ana Corroding
Suecimens in FPlace,
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To provide high nunidi:y whon too azer iz clesed, wat.r in a
copgir zan is warmed by an ims.rsion heator. T pan miasurcs 16 inches
X 16 incaes x S inchcs. The heator (elzctrical lcads at F) is regulated
by a thermestatic control (hiddcn by plats G), and operatss cnly when the
door is closcd, & constant-level daviez (Z) is cennzetad to the copper
pan and naintains th: water at a L-inch dc:th, The alectric fan opcraies
when the deor is opened, cooling and drying the specimerns, ‘when th: door

is closed a:ain, thc fan stops, and in taue humid atmOSphcre, moisture

e¢lectrical circuit is given in Figure 6,

9 minor changes in t,he olectncal cipcuit htte boanrnia sincc

Figures S and 6 werc prepared, A new timo confrol has been ;nstahed
which allows greater latitude in oyeling, and the original t.hermostatic
control has bocn raplaced by two controls connecbod uﬁaﬂ m;““‘

m

ing through a relay, The additimnal control sefgfis &% § 'ﬁaw’. =
relay u‘ioccsaary,batuse the ontrols will not handle ¥he high curront

; e R

drawe by the heator. - , U

iotor « 110-volt A,C., Crisae Electric kt;. CU. ’ Coiulbm——ﬂﬁ:o. -

Tirs Control ~ IWo #303 controllers, Tamsan Elscteis Tos; Wh————

Rivers, Wisconsin, The switches of these timore are
conncsted in series. Hoth must be closed for current
to pass through the circuit, but either one alone can

break the eircuit, Two ccntrols wors uscd because ihe

et
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tabs on the circukwr timc-sciting plato could not be

set for an interval as small as one hour,

.Hcater - Lofog, 2000-watt, 230-volt coppcr-clad immersion heater.,\lﬁ
" American Instrument Co,, Silver Spring, Haryland.
Relay - Double-pole, douvle-throw relaye. Struthers-Dunn, Inc,,
Philadselphia, Pcnngylvania, (Note: In Figurc €, the
relay was not represented as being of the DPDT type for
. reasons of simplicity.), |

“‘ Thermoregulator — Two, 110-volt, 10-amp, thermoswitchos connected

in._series. [Fenwalil, Inc., Ashland, hiassachusstis.

Removal of Corrosion Products for ifelght-Loss Tests .

The corrosion products were removed from the cadmium-silver

castings and the pure cadm cagtiogs by imgersing the test pieces iﬁ\ b
100 ml, of a 1 per cent solution of sodium fcyanide at 70°F, for 20

minutess After 10 minutes had elapsed, the surfaces wore brushed
lightly while the specimen was still immersed, A second 20-minute
immersion in a frosh portion of solution with brushing as above,
completed the rcmoval of the corrosion products, Blank tests showed
the ab.ova_ treatment to remove only insignificant amounts of metal,
Each specincn was cxamined at 20X magnification with a binocular
ﬁcroscope to be surc all nonm(.;.tailfic material had been removed, The

specimans wore then reweighed and the weight-loss calcalations made,

APTH 5692 Suppl 2 73



Ezfparatidﬁ of fxperimental Diffusion Céatings

Apparatus

.The plating apparatus used in preparing the duplex deposits
preparatory to diffusion was-in no way unusual, One- to three-liter ”
quantitics of platfhg solutions wete usud,.and thesc were contained in
. Pyrox bedkers, Hcat was supplied to the solutions by thermostatically
contro. led glass-sheathed immersion heaters or by thermostatically
controlled hot pla?és. The dircct-current sourco was a 15-volt gencrator.
The current was controlled by variable resistors, and Westbn laboratory-
model voltmeters and ammeters were used for voltage and current readings.

After the duplex plates had been prepared, they wcre heat treated
in one‘of three ways to cause interdiffusion and alloy fomgiyigg: Af
first, when it was believed that an inert atmosphere was réﬁuired, thé’
heat treating was done in a tube furnace, Later, the heat trceating
was done in regular heat-treatiné furnaces with an air atmospherc. A.
few specimens were diffused at LOO°F. in a mineral oil bath, This

temperature was too low, and was not raised because the oil had a flash

point of LLko°F, ®

¥ethods -

Preliminary duplex plates were made on l-inch x-4-inches x .015
inch SAE 1010 steel panels, Occasionally some of these wcre used in
) )
subscquenl testing, but for the aost part SAE 4130 panels measuring

1 inch x L4 inches x 0,063 inch were usced for "wet-dry" and other testing.

mepl 2 7h



The SAE L4130 test pieccs were cut from strips measuring L inches

x 18 inches, which had first beun bclt polished to a 240-¢rit finish,

The 1 x L-inch tecst pieces werc then numbered and stored in oil until

“sed,

The plating mcthods are discussed individually below,

Zinc-Silver; The plating sclutions, conditions, and finishing

sequences Ior the zinc-silver duplex platling sre given in this scetion,

Table 15 contains weight of coating data for several typical

samplos.

e

AFTR 5692 Suppl 2

Phosphate Treatment for Promot

Adhesian of Silver Lo Stcel /==

e

L

HyPO, (B53)- 500 ml, s
B0 S00 ml,
Tenperaturéj 130°F.
current‘Dans§¥y1m 100 ASF S
Timay ’ 2 minutes |
Cathode; N Stainless steal”

_First Silver Strike = —
AgCN 240 go/1e
KCN (free) 150-g4/1e
Tempcrature; — 80°F, \
Current Density: S ASF

75
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e e e e e - . ~ .

TABLE 15. RESFECTIVZ WEIGHTS OF SILVER AND ZINC IN
DUPLEX COATINGS "HICH "ERE DIFFUSED AT
500°F, FOR OME HOUR AND EXPOSED IN "ET-

DRY CABINET., SURFACE ARZA% SIX SCUARE

INCHES,
C ] - - B - -
pﬂight of Gilver, e 0.0'.'29 0.07N 0.0742 000‘7‘1
Veight of zino, g. 0.2516 0.283% 0.2523 0.2521
Per cent -ailverw 22.5 23.4 22.7 22."%

e
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N : S Zinc Plate®

90 g+/14

Zn(CN )2
NaCN 375 gefle
NaOH 90 ge/1e
Temperatures 120Fs -,
) Current Density: 60 ASF /.fi__;rn
) Anodes) Zine
Cyanide Dip
KON 100 gef2e-
- Alkaline Cleancr (Anodic)
Anodex#* ( 75 ﬁﬁz;
N = AT — e %&4 - o e -
.. Temperature: _ 200°F, )
’ I li ‘ ]g-m - - AmEaT

(1) Anodic, slkaline clean, 1 minute.

(2) Hot-watsr rinse.

AN

(3) Anodia, phosphate treatment, 2 minutes.

(4) Hot-water rinse, e

(S) Cyanide dip, 10-20 seconds.

i

This bath was used at first but was later replaced by 2
| solution developed for another sponsor, No permission has

-y

a ey

to reveal its composition,

kacDermid, Incs, daterbury 20, Conn.
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{(6) First silver strike, 20 geconds,
(7) Silver plate, 5 minutas,

(8) Distilled-water rinse, )

(10) Zinc plate, 5 minutes,

" (11) Cold-water rinse and dry,

iianganese-~Tin, The plating solutions, conditions, and finishing

sequences for the manganese-tin duplex plating are given in this section,

4

Table 16 gives some vypical examples of mangansse-tin duplox plating.

we-!’latig’gjolution
e o -
~ HnSQ)°Hy0 L0 g./1e
(NH), 1,50, 135 g.ll- I
o . — - . - = == R S i o TR = i s e e (e S o
N ;-'—'%Mfﬂzo 0.5 8«»/1.
Temperatura:s 100°F,
Current Density: LS ASF
Anodess Carbon rods in ;lundum cups
Anolyte: (NHL)ZSOh 135 g./1.
pHI * - 705 -
Tin-PlatingLSolution
Kp5:3y 2. 100 g./1.
) ¥aCH 7.5 ¢./1.
- 5697 Supri



o JUSLJIND vy} HITA UCTINTOS UTY €yl palejue oued PIRECH-PELUY; oyl ..L.O. SAT} IO) ON{®A S]Y3 IV POULRIULEE BT (UuliND UL
, o
“.“
J
‘UL 3¢ W : M
pesieuw uexjosds 1 1YL .
» L - ol 7 © 00 Lt "9l $'4 - 134 'l cul Ok -
%31 4 . ol 73 g 0% 7Lt gL - 14/ 6 &l s -
T3E9IR0P JUSIEYPE jud| [0y & ¢'e 61 &9 Ja°o e "t L 8¢ 1 61 AR A 15
Typ9q SwelM.UTE 0] UOTIN o8 V
MJme "= Ol PPPPY 113
207 veskpeve aeajoeds iyl :
. oo L - el 0% 08°0 L , Rt 'L - 44 ot WL H9e -
]
o33id L - 61 [+ a0 6T nt $°L - 144 6°L WL 498 -
*1;R3Uep JUIIGYPE JUS] [I0X] & $ 61 14 @0 0z 174§ $°L 8¢ $T 61 o1 498 -
Tem
p6°27 poslIeun Uwwidels TYL C »
. I - 61 9 Ju"d L2 7.1 [ AFA - $7 c.A ol dgg -
Mg L - 61 09 k"0 1 5 4 7wl (32 - 44 't Wl J9s -
*3fe0dep TURssyDY Jue Tsaxy L - 61 L 08°0 o€ €Lt . - s7 6t w1 298 - T
§
“pereletiq TR “ - o oz §8°0 $6°0 St (L - sy 61 % wAang,
*Loj3nges pgine °E o
bOEPY "9 LeHd 419 eseuiiuwy
JupyeTy Mupunp pedersyq Ugl - - jo*4 oz  58°0 $g°'0 - $°L - 44 6"t ¢t whom,
L3eq .
@ PULITED O} ﬂ.?\ouxb.nﬁqu '
*3 1°0) uorantos 3 Ine
*T2 LT PRERY  CPRdelegIc ULl I3 - [3t4 ot ‘680 g1 191 L - <Y 61 gel 49 -
*9i 3pe
r,ancoietnu|:u—_ %
peue38{Tq 3}90dep wewu Juey - - - - - - - L - 7 6T o1 V95 = Low?
4 92 o ok $8°C A ¢ 72 ¢ L v 114 o' [ 2ot wARUT 3y
Isaby (=i ) RN R T 7 NS i & VX S L1 WS .41 Y4) o M T oty LEY TN (dsv) TIOAY "I Toqury
oy [@GETD i fequey oWl ) ‘edge,  wewjoedg

F3e1d GIL

8-*.—.48 INid0d RIL=ASINVORVA JO NOLIVMVAYHd 91 J1EVL

%

A AT Suppl 2

Far



Temperature, 175°F.
Current Density: 20 ASF

Anodes; Steal

Finishing Sequcnce for lfanganese-Tin
Duplex Plates _ = =

(1) Eleetfgpolish*, 5 minutes,

(2) Alkaline clean, anodic, 1 minute,

(3) Hot-water rinse. 7
{L4L) HCl dip (1 vol, 37% HC1l, 3 vols, Hz0), 3 seconds, 70°F.

(5) Cold-water rinse.
(6) iianganese plate, 7-1/2 minutes,

- {7) Distilled-water rinse,

(8) Tin plate. Enter solution with current on, (See Table
et 3. £or-Adew-and-current valucs,) =

(9¥ Rinse and dry,

Mangafeso-Zinc, The plating solutions, conditions, and finishing

sequances for the manganess-zine duplex plating are given in this section,
Table 17 gives some typical examples of nmanganese-zinc duplex platins. )
arms ﬁnggnase-?lating Solution

MnSQy, ¢ Hp0 L0 ge/24
(), SO, 135 g./1.
N82503‘7H20 0.5 g./l.

#*
Frocess of Battelle Development Corporation, Columbus 1, Chio,

LFTR 5492 Dunpl 2 2o
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Temperatures 100°T",

" Surrent Density: LS asF

~~

. e P <A

7

c TSR0 Suppl 2

dcs S Lbarbon rods in Alundum cups
Anolyte: (WHp )p50, 135 &./1s

pH: 705

Zinc Strike

Zn (CN), 575 ge/1s

N _
NaCN 55§./l.
NaOH ' . 5 e/Le )
Temperature: - LO°F,
Current Density: LO ASF
Ancdos: Stainless stecl
Iimas 1 minuto
Notes Imerse manganese-plated banel

with current on.

Zigo-Plating Solution

N ‘?_m_. — [
Zn{CN)y C 90 g/l
NaCN 3745 8e/10
NaOH 90 go/1s
Tempcraturcs 120°F.
Currcvnt Densityy 30 ASF
Anodes s Pure zine (bagged)



Finishing Sequence for Manganese~Zinc Duplex Plates

h¥, © minutcs.

Alkaline clean, cathodic one minute, anodiec 15 sceonds.
llot~water rinsc,

HpS0), dip (10% HpSOy,), 10-15 sccs., B0°F,

Hot-water rinsa.

lkanganose plate,

Hot-water plus distilled water rinée.

Zinc strike,

Hot-water rinse plus distilled water rinsac,

Zinc plate.
Rinse and dryo

s —

pneling S —

Lisngaggee-Nickel, The plating solutions, conditions, and finish-
— _..-ing sequances for tho mARgenese-nickel duplex plating are given in this

section,

Tgblo 18 contains plating data for some typicel examples,

Manganese-Plating Solution

~—3nS0), - HpO 40 g./1.
(NHy, ),50; 135 g./1.
NagSf3. 7THy0 0.5 g./1,

*Procass of Battelle Development Cerporation, Columbus 1, Chio,
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Temperature;: 100°F,
Currcnt Density; L5 ASF
~Anodes: Carbon reds in slundum cups

Anolyte, (NHu)?_SOh 235 o/1,
pH: ?aS

Nickel Strikc Soludion for IMatlig wu ianpanese

P o Ni(CN)Z 91,3 éo/lo e
KCN 103 g./1.- -
NagB),04+10H;0 20 g./1.

'
Temperature: 80°F,
Current Damaity: 2h aSF N——
o Anodes: Steel o
N:l.ckel-Plati.Eg:‘f‘:olution

N2£Q) - TH, 0 300 g./1. TS
Ni Clz-6H0 50 g./1.
H3BO3 35 &./1, -
Horshew XAX-D¥* 20 md. /1.
tNoter This solution was purified by the .

usual methods,

*Harshaw Chemical Company

Na

&



135°F,

Temperatarce:
Currcat Dunsitys L0 ASE

.;rl’\r‘».n -

— o P

Cast n1CKSL 1N Cads

_:."ul' 2.8

Finishing Sequence for langanese-iicikel Duplex Flates

(1) through (7) Same as for manganase-zinc,
(8) Nickel strike.

(9} Hotwwater rinse plus distilled water rinse,

== {10) VNiekel plate.
(11) Rinse and dry,

ey

= =

ZinoeChrowdun. The plating solutions, conditions, and finish-
E‘. e 1Dg BOqUEN@s-for-the zinc-chrumismupler plating are ;iven in this
- section, T T
: cr03 259 g./lg_ P — - e
50 '
Tozparaturs: e 77 a
’ Nt W comyroce
Cvirent Donsit g 225 R3F , _ P e~
Lnodese ancinacaial. lead
T ;s;:ﬁ.m?-‘-'?i‘
STH OSLAD Suppl 7 a5



Zi..c Strike

Zn0 2 .J/1,
H’ESOE (Q6.) 1C nll./1,
Temperatures 70°F,
Current Density: 120 ASF
Times 15 seconds
Anodes: Lead
Zinc-rlating S olution
_’._z,p,(CN)2 90 gc/lo
—=-NaCN 37.5 g./1e
R 1o 90 g./1,
M" _— *ﬂmmwrat’ure. lZOUF. g\-_@z:.__-,;__
Current Density: 60 ASF o
R Anodosy Zinc (bagged)

Fm:%j@uence for Zinc-Chramium Duple]
" Plating vhen Zinc was PLAGeG-Firs

(1) alkaline clean, anodic, 1 minute, 50 ASF.

{(2) Hot-water rinse, e

(3) Acid dip, 3N H,S0}, 30 seconds, 80°F,
(4) Cold-water rinse, '
(5) 1D seconds'dip in 10% NaCN solution, 70°F,

(6) Cold-watcr rinse.

AFTH OS4I2 Sunppl 2 a7
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(1)
(8)
(9)

(1)
(2)
(3)
(L)
(5}
(6)
(7)
(8)
(9)

Zinc plate.
Hot-trater rinse.
Caromium plate,

Finishing Sequence for Zinc-Chromium Duplex
Plating dhen Chromium was rlaved Pirst

Alkaline clean, anodic, 1 .ainuta; 50 ASF,
Hot~water rinse,

heid dip, 3 N HySQ, 30 seconds, 80°F,
Cold~water rinse,.

Chromium plate,

Hot=water rinse,

Zinc strike,

Cold-water rinse,

Zinc plate,

Cadmium-Chromium, The plating solutions, conditions, and

fiadshing sequences for the cadmium-chromium duplex plating are given

in this section,

Cadmium-Plating Solution

Cadolytc single salt* 120 g./l.

Temperature: 30°F,
Current Density: 25 ASF

Anodaes: Steoel

*The Udylite Corporation, Detroit 11, Michigan.
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Chromium=Plating Solution

Cr03 250 g./l.

Soh Zeb g./'.l..
Tempavaturae: 120°F.

Current Denaity: 225 ASF

Anodes; Antimonial lead,

Finishing Sequence for Cadmium-Chromium Duplex Plating

(1)
(2)

(3)

(L)
(5)
(6)
(1)
(8)
(9)

Alkaline clean, anodic, 1 minute, 50 ASF,
Hot-wrater rinse,

Acid dip, 3N Hp5Q;, 30 seconds, 60°F,
Cold-water rinse,

Ten seconds dip in 10f NaCN solutioen, 70°F.
Cold-water rinse,
Cadmium plate.
Cold=water rinse,

cmm? plate.

lianganese~Cadeium. The plating solutions, conditions, and

finishing sequence for the manganese~cadmium duplex plating are given

in this secction.

Table 19 contains data for the preparation of some typical

specimens,
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Manganese-rlating Seolutlon

MnSO)eHp0 - L0 g./1.

i, ) 50, 135 2/l
NayS047Hp0 0.5 z./1.

Temperaturas 100°F .

Current Densitys 'hS ASF

Anodes: Carbon rods in Alundunm cupﬁ

Anolytes (NH), ), SO 135 g./1.

Te5

Cadmium-Plating Solution

Cadolyte single salt® 120 g./1.

Tomperatures - 80°F.
Current Density: 30 ASF
Anodesy - Steel

Finishing Sequence for Manganese-Cadmiur Duplex Flating

(1) through (7)

Same as [or manganese-zine,

(8) Cadmium plate,

(9) Rinse and dry,

*
The Udylitc Corporation, Detroit 11, iichigan.
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dine-Silver Codeposition

Sﬁall portions of solution, usually 100 ml,, were used in the
zinc-silver codeposition experiments. The usual apparatus, consisting
of varijable rheostat, ammeter, voltimeter, ctc.,was used. The solutions
were contained in a beaker and were heated by imnersion in a thormoe
cticaily controlled water bath,

Table 20 contains t.ae details of experiments in tue iodide
solution., The details of ths composition and operating conditions feor
the thiosulfate solution are given below,

Thiosulfate Solution and Conditions for iince
SIlver Electrodeposition

Naz5203(anhyd.) 200 go/1s
AGNO, 3.6 gofle
NapS04+7H,0 0e36 gof2e
gy, o35 gl
HyS0) (Sps Or, 1.85) 0436 ml./1.

Solution used with agitation and with ar without 2 g./l. gelatin,

Anodei Carbon
Cathodes wtalnless steel
Current Density: 18 ASF
Temperatures 70°F,

AFTR 5692 Suppl 2 92



/

/

g1 e V2T Se oawg

. FrPE St
pue Jextep JLe] Jeno - ‘o410

LRt

*OTYY TIW $Z'1H INOQT  "pmon 8
sowjans Fupliiepus *eoejanus Aispaod

«1 eandig 303

juiod y3moz ¥ ew pepnyouy €7 31

* 2407 SEA 9IN3BI6 W) S PUY 1aede
QOFAIPPe Ou SUM 3I0Y3 WYY UL 3u1
~poieid S8IU} Y} -I04) peIajJip juse
-[Jadxe 10 103CH) “10ATIN 0%
caowgmse Lieprod *a380dep Luam

. YI0ATTO K@t
csoujme Liepacyd *e3w(d Lwid vawg

SISATES 3§°L
s 208)ane Liepacy »#37d Lead xaeg

*20a(1® 3
svovgame Liemod °#39ld Leap

soowjms Lisgmog *eyw1d RXeq
s Jaapnod

sse] ..—oduﬂ,.\al JOATI® ® pey
ais0deq 06 40 ‘@ ‘¥6 Wy Jmied

196 m oweg

~L1isee jjo fqn.. Ayscaep Liepmod

"sqowdico 87 pu e £1478] teleqpe
a3uodep JupLizepuy ‘EosjINe fiepacd

X2

renys
sseuIMS

asnlg

0101 IvS

aatd

o078
sseTUINg

N3

noqIe)

ot

ot

011

01

12¢

L

LAl

—TOmE S (O
il

: /@H o°oe $8 epIJIMETP uoqi®d , 021 azt -
$5°1 0°02 06 wemotyy + 621 0zt -
enyany  Reg
%'t 0*0Z 06 /T . oK @2t -
$6°1 ooz 06 g V2T = 4557
(X4 ¢ 0°'¢ o Y6 = LEGT e oEwg ¥Y8s - £9if
st o*ot 68 . aot =
6t 0°$¢ 68 . o)
Lt o'oL 0] . g0t ~
i 8°8 23 . Yotu -
z'1 89 06 "31d a6 -
PIO9 JpuojTNNT]
- f¢ ‘1 sueTedRy
13 ¢ 88 16 /8 T . oW % -
L6°0 98 LLT o33id g6 -
aﬁ\-m m.N U<
1/ v6€ 1o
..—\.n Q9 PI9% 034310
(<9 ¢ 89 8 \ /8 oz Tey Y6 = LSSY
) O W T T AL ] (4 3] ST IS, ToqEaN 199)
£yreusg sme qeg
AuezIINg =Inds]

N

(NO1LA10S SAI0L) SLMENIVEJXR DRILVId XOTIV WATIS-ONIZ 0z TIEVL

93

AFTR 3692 Suppl 2



. !E [

iyocdep Liepmod yowlg . . 4 15 0*001 o8 ¥6 - L5537 @ oumug voz -
‘3fiodep uolsJatu} ‘uciiwyldw anjpepn
*IA[TE SYTT PEN0O7 *3ywoaep Laf(s . . oz g€t 0°01 ¢8 . 477 -
*judmwaclidul o 'uoliwyi¥e-pramy a . o1 £5°1 0" 3 $8 °111q -
. 933g " o1 £5°1 0*ue 17 [oujdsosas o 071 Jvt -
ooy
%313d Ss8Tus™S . a1 E5°1 0t 14°] Toyiyawu 838q 4+ O03Td 27T -
“iUsweADIAWT N TUOTI9R (3w umipey seulg . L €81 0'ug 1Tl 2 XA %) q7T -
‘uotinio® 17§48 JIvao
“UBUEA0IdwE ON  *UDTIRLT3V umi|pen . . ot €651 'R ¢8 ¥6 « L8357 8% suRg ¥l -
"siueujredke Fulmo[[oy ey T pedn emm ‘leddqs dj3euden v Lg peifadne ‘uojyuyidy
‘jueusacidm] ON tL{pyim pajuyidy . . 0t LA 9 ue a7 3114 €l -
331d . - ol LT 0*o2 o7 [ougoroses , gey OEYL -
‘£iopuod #2¢7 cejwpd Lwid unypep . . o1 " T 0°0Z o7 Ioyiyasu ejaq . 0331Q geT -
*8IINRIaNe) L0QAFY 2040 JUSWEACLL
-+] QWOS  "RUSHID ML PUW IeAlTS
*£128 yaeg LTI o peumzow
LOTUe Jo 3awd ‘ejvrd JWTTpau pawy *33ta "31d ot FTAN otce (o) 4 ¥6 - 1557 8% ewsg YET -
*JUlZ 1G] 8w}
CYSEN ¥ 1Y "ISATLE Jog 383} SA[IIBO4 ov 8
"Bursced Jeiiwey *3[8048D €3jyd  @swIUTEIS uoqIe) ot - oraz, 68 I YIWS 4 22T E2T » Lyn”
fneey apoyiv) POy {TUIA) w3104 SRR M Fad I L)) ("de) Uo[3T§0dwo] dequmy | Sc
out] L3ysueq sanmye yieg
ueLiny ~doumer

(PenufIuc))  *5Z YTAYL

™,

~mpypl

SE e



*utq j: s25ry ‘eveuwduve

JO 9081y *mM01eq Yfeodup qUwIeypw ‘HOEIQ
‘uryy “queleypvuou ‘Iefey ujy educd¥ NSIUL - - 2 g€ ¢ 2
- HIT -
*US JO eded]l CUR JO UOL}BILPUT 0ald
—3807 enyesntentm 1Yeocdan anartaunn .Mklmﬂ N
fupyy el dog uBIeypeRUOU ‘snosod ‘XIR(§ » " o e ;
e . kea? B 91T -
U JO @oudy ‘eseuvduwm jo
uoj3WIjpul @af3fe0d  "3fsodep Youlq ‘udnoy . . o€ ge 892 8L .
it -
UL} JO ecwly
‘esouviuve Jo eOell °31500ap YORIQ UTYL . & 1t LT (%4 8L
alr -
*oa0qQu g% sjafTvue ewes *xIN[Q ‘yInox .
w0330Q ‘IOTO0 3¥® 3Ts0aep jo uojidod dog . . o1 g%y 05z ~ ate
: *ul) Jo edel} faeseuwsusw Jo UOFIED}pPUl
@A13TEOL  "3j9odep jusleyps ‘urys ‘xqowid . . 4 R T e -
*Wl} Jo eIy puw eseusduvu 1/ o1 Tosedn
§0 @oud)  *jjsodap jueayps ‘urgy ‘Hovig 2111 %317 ot 9% 05T 8 /78 o°¢ ufIeTen au
- AN 1o ude »eg -
.n\.w ¢ .awcm
. .
*wly JO 90VIy ‘OPouvUPE JO UOTREITPUT Kawey a3 Y 14 266 .«.- MM qommz Ew ou“mmb..ommﬁ
eeppr osus *1/°7 50 3T20dap juezeypeucu ‘yaelq ‘uTyl #ee(ujms Lo[(® Isa[ie-pee  ¢¥ - 0§T 8L /A9 %m.wom&. !EMP vIT - 2205
SUTy eyy Iopum IeoleT Uy} eqy u o108 ¢*
80017 v 9% queserd sus edeunduup ce2pnTs JUCICUDRUOU snodod @ WE pelpdudsy Uil T3ty e prey :“wn‘uo ud .au.mn\.-n-w—agw * .«.n moq “ M:m Y6 -
qincays .C.u-\.-nﬂd.oq _uo.ﬂ peTIeA S® °1°) epoy3e)  ‘ne BUTIonis sus Ul vyl 19Y) €3993 AJRUIE[[eda oYy JO 3uvqE oy3 U2 g <om.m N) Soccnuom%n
3% JUOPTA® GuA 3] Y19°86E£Z *ON UAIEY 'Sl U PIPUGRIODSS BUOTII0U0Id UF uUn wpTm GuA YW 1R O Uofn[os eseuuluve eyl .n\.u 94 o«:.%omn! wnjuomy
*uT: Jo €2u13 ‘eseusduvm jo eowy] « i . 9 - L .08 a9 -
%331a °331d M . ot . T gL TCSTH W 0°g ©3 g*g wozy Hd yenfpy -
‘102 2 on® epiy a9
. /081 Toyjydeu wieq
wopantor Lofy7yeus CTW 0TI} JO eavay ‘aseusduvu JIoj 843 A73ISO4 - . ot - SL 8L “T/B ¢ 7o gug 0 -
, *1/°8 0ot oZug Lod™
o%HeE L0247y *8 002 *uoj3ntos bo‘mmfcm
oBHTosm *23 0% *eseuvsuw ou ‘uiy jo eIval A1 3.1 o€ " o7 aL " ¢ & -
R (*Tw/*2 ¢00°) EosTen
sorintos S ) 10030 v 31-4d B06 *1/°8 o7 AZue Vosum Yo - zzoc
SERHTLES StaramiEs s uy The 4T TUSS mEouSCuES SN SV vavhivod BEOUTRYG Lop(w ZoA(i9-p99] Se o°g o7 8L ‘L8 ocE 0PHE L0247y eymydsoydordy ¥9 - 220§
oL 70 ey T PE U i A 431 VR B QE¥ 4R g i o a
o BRA Y euyy £33eusg ‘duey
03 SUOYRIPPY JueLImy

SINSNTYAAXE NOLLISOLdTONIITE ALL~-ASLVINT I BRI .,,DN Ny

~

Y



Manganese-Tin Codeposition

" One liter portions of thc solutions were used in the manganeSe=
tin codeposition cxporiments, Again, the usual typs of apparstus was
used.

Tables2l and 22 give the cxperimental details for this work,

)&angaﬁése-Nickel Codeposition

The solutions and conditions used in the manganese-nickal’

codeposition experiments are given belaow,

Solutions and Conditions Used for
Langancse-Nic¥el Codeposiuion Experimonts

Ammonjum Sulfate Type

4
Solutton As nS0,+H,0 LO g./1.
(Nﬁh)zsoh 13205 50/10
Nay$037H)0 0425 g./1.

PE adjusted to 7.5 with 1-1 ‘.‘EHhCH
Solution B, NiSOp *6H,0 50 gefLs

Plating Solution. Solution A 200 ml,

Solution B 5 ml,

Plating Uonditions, Anodes Carbon

Cathodo: 5tainless steel

AFTR 5492 Supol ? 95
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Current Densitys L0 ASF
Voitss 3.5

Tcmperatures 90°F.

Pyrophosphate Type

Solution A. 1n50)*Hy0 L0o g./1.
Solution B, ¥ Ppy043H,0 800 z./1.
Solution C, NiSOL-6H20 S0 ge/le
Plating Solution. Solution A 10 ml,
watar 100 ml,
Solution B 50 ml,
Solution C S nl,
Plating Conditicns. Anode: carbon
Cathodes Stainless steel
Current Density: LO AST
Volts: 3.7
Tenperature: 120°F,

PH not mecasurcd

Zinc=-Tin allcy Flating

This bath ras buen described by Cuthburtson™. For convenience,
the bath formula and flating conditions ars :iven here, In addition,

swveral rocassary procautions are mentionad,

E

Jo loctrochems Scc. 94, 73 (lyls).



Zine-Tin Alloy-rlating Solution

Tin (as sodium stannate) 30 c./1.

Zinec (as 7ine cyanide) 2.5 geof Lo

Sedium hydroxide (free) L6 c./1.

Total cyanide® 25-28 z./1.

Free sodium cyanide 17.5 ¢./1.

Temperature: 140°F,.

Anodes s Cast 20~ zinc - 80x tin alloy,
Current Densitys 25 ASF

Note: .iigh-purity sodium stanate must be useds ror commercial
units, a special mrade is procurable from iietal and Thermit Corp.,
Rahway, N. Jo For experimental solutions, the C, P, stannate mads by
the J. T. 3akcr Chemical Co,, phillipsburg, N. J.,is suitablec,

The bati should be'waia up as follows: fill the container to
two-thirds of its volume with water, pgreferacly distilled or softened,
and heat to 1L0°F, Dissolvs sodium cyanide, sodium hydraxids, and
zinc cyanide,in that orders rinally add sodium stannate, Analyze the
sclution and 4qjust the components,

iv is well te hold the bath at 140°F, for 2-3 days befcerc
plating,

Literature on the Lath can Ue obtained frow the Tin Resecarch

Institutc, Iac., 492 oo Ju4tn avionue, columbus 1, hic.

-

¥* . .
a¥pressad as sodiu ¢ anid.s,
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Experinental Zinc-Lead Alloy Fluoborata Solution

Solution As (Concuntrate as supplied by
General Chemical Co, )

\—'4:‘ -

LES {rvr wascht )
[ e P ) (R IR 4 O

Free HBBOB . 3.51{:)

Solution Bs (Conceontrate as supplied by
General Chemical Co, )

Fb( BF), )2 505 (by weight)
Free HBF), Oe T
Free HyBO, B0

Solution LS57 -~ 9QA

Solution A 100 nl.
Solution B 10 ml,
Hide Glue (4O g./1.) 2 ml,

Dilute to LOO ml.

Temperaturas 8C* - 120°F.
Current Density: 10 = LO ASF
Hs CeQ {paper)

Resultss Spongy deposit containing only lead,

AFTR 5692 Suwnl 2 103



txperimental Zinc-Lead alloy
Zincate-Plumbite Sclution

Zincate Steck Solution

_.m.12 75 .'/1-
Rochelle Salt 35 /1.

Zincate-rlumbite Solution

Zincate Stock Solution LOO ml,

Pb(OH)(C2H302)3 1 g
RH 77L% 045 ml,
. Temparaturos TL°F.
’ Current Densitys 10 ASF

Rasult:s Spongy deposit containing lead only.

Zinc-Laad-pPlating Solution

ZnCl, 1000 g.

Hy0 500 L.
PbCl, 20 Lo
Temperature: 170°r,
Current Lensities: See Tadle €3
anodag rPlatinum

*
E. I. du Pont de iemours Co,, .ilmington, Del,

AFTR 5692 Supl. = 10y
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In preparing the zinc-lead chloride solution, the lesad chleride
was not so readily soluble as it was in lithium chloride solutiomn.
It was neccssary to keep the solution hot in order to prevent pre-
cipitation, It may be that the material which precipitates when the
solution cools is not pure lead chloride, but is a complex such as

ZnpeCly .

Cadmiumn-Silver Platihg

cd O 32 ../1.
AgCN 2.1 ;./1.
lNaCN 83 g./1.
HayCO04 | 10 g./1e
NELOH(267) 2 al./1.

Free sodium cyanide 32 g./l.

Temperature: 90°F,
Current Density: 21 ASF
Voltage: 2.2 volts
Anodes Steel

Analysis of Deposit: 7.4% silver

Iron-Chromium Alloy clating

A complete doscription of the process for plating irone-

ourd in *3> Tinal Teehnical deport entitled

"A Research Investigation of Possibilities for Obtaining dot-Hard
Electrodeposited Chremium or Charomium-Basc alloys for Canaon" (rostricted),
This work w2s done {or the army Crdnance Jepart.a.nt under Contract .i33-

€19-01D-6397.

-



Zinc=-Nickael ("Corronized") Coatings

Panels coated with several zinc-nickel alloys were supplied

free of charge Ly tae Standard Steel Spring Company, Coraopolis, ra.

Nitriding of the Stcel Panels

The l-inch by L<inch SAE L130 panels wcrc placed in a tubo
furnace, ammbnia“wsﬁ passed through the furnace, and the tempcrature
was raised to 975°F, This tempcratura was neintained for four hours,
The specimens were then cooled in ‘the furnace in the ammonia atmosphere.
The surfaces had the dull.gray appearance characteristic of a nitrided

surface, Scratch testing showed the surfaces to have been hardened,

Preparation of Four-Inch by Six-Inch Steel Pancls

The SAZ 4130 steel used for thase panels measured L inches by
18 inches by 1/32 inch as received. Befofe cutting to the desired
size of | gy 6 inches, the steel was clcaned and polished, The larger
size perajtted casisxr polishing,

The panels were cleaned in a hot, alkaline, soak claianer, They
were then polished on 2l0-grit, substantially new, emery belts,
The final finish was with a sisal buff (Tampico wheel). This resulted
in a finish about cquivalent to a 300 grite The panels were then cut
to the L-inch by 6-inch size, care being taken not to mar the surfacos,

The panels were stored under xcrosenoc until rceady to plates.

AFTR 5692 Supri 2 107



Dezcripticn of Plating Racks for Four-Inch by
Siz=Inch rancls

The so-called "robber" was formed fram 1/8-inch by l-inch hot-
rollcd, plain-carbon steel. The robber was bent into a rectanguler
frame measucing &y inches by L} inchc;,winzida dimensions. The twe
ends of the frame werc welded togsther, Tl;e staol pancl is supportead
withiri this frame by thrce contact points; _'I'\vo of these ara located
on the inside of the lower Lj-inch Section\\é\‘rtxidﬂ are rigid, The third
is a spring clip located at tho upper Li-inch scction, A rod is
brazed, end on, to the \fmtside of tac upper bi-inch section. The rack
is suspended in tihe bath by this rod. Figure 7 is a photograph of the
plating rack, with a L-inch x 6-imeh panel in place, i~

A aiﬁght modification of the rack was nccessary in order to ,
get good distribution when plating manganese, The one-inéh-wide strip
was narrowed to thres-quarters inch, and four quartereinch holes were
drilled in the top strip to allow the gas to cscape.

The plating solutions and finishing sequences used in preparing
the ocutdoor panels have been described earlicr in this secticn,

Throe thicknesses, O.1 mil., 0.3 rﬁil., and 0,5 mil,, were
preparsd for sach tyje of coating and four nanels for each thiekness,

The ilagne~Gage was used for determining thickness, A tolerance of

- +10%, relative to the nominal thickriosses siven above was allowed. The

magnets t.2t ucre available were calitratea for man, anese plate,

AFTR 5692 Suprd 2 108
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APPEINDIX IX

This aopendix contains tabulatcd data on the "wet-dry" tests,

|-

on photograms .
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TAB'E 28, FOTENTIAL-TIME CATa 707 SAVEFAL LIFFUSION
~ o rvln- HHT":*‘T':
. ils. WHaa Sae D
SOLUTICN AT 90°F., SATURATED-CALOIZL
L ER R LA & as-Tollh S LER Lo & o

Volts* at Flapsed Time of:

Specimen 1 30 60 120 150 18C 2GS
Nunber Vin, I'in. Min, Lin, in, l'in, ¥in,
4557728 1.020 1,238 1.043 1.0:7 - 1.049 1.050

Zn-ag {diffused)
approx. 25¢ Ag

L557-764 (1) - 0.740 0.747 0.753 - 6,755  0.756
Cd-Sn(diffused)

4557-76B(2) 0.729 1.1 0728 0732 = 0,733 0.7
Cd=5Sn

(codeposited,

4557=B4A 1o, 2 1.0%5 1.020 1.082 1.1 3,133 -
Mn-Sn (diffuscd)

2875-778 0.590 0,710 0.707 =«  0.707 - -

* L1 vuluan Ara nngntive.

(1) Srecimens received from iir Meterianls laberatory, “avel Alr
Meteriel “entwsr, Nevy Yard. ‘hiladelnhia Ta. Comiposition
appriximately £0-Su

(2) Peceived from ssme *ource as 4557-76éA. Composition approximately 50=50,
Nadonnaited frar fInnharate solution.

ARTR 5092 Suappl 2 ia
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